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P a r t  I
i  r ^ m i m  o:K l^TIO S AS©
I
XS&R0D&C7X0R
The fo llo w in g  In v e s t ig a t io n  a ro se  as a r e s u lt  o f  d i f f i c u l t i e s  !
encoun tered  du ring  th e  me t  lay l a  t  io n  o f  p h lo ro g lu c ln o l and phloro~  
bensophenon© w ith  dim ethyl s u lp h a te .  The f i r s t  two OH groups o f  
ph lorog lu clB ol m ethylate-w ith  extreme e a s e ,  m ethanolic hydrogen 
ch lorid e be in g  a  s u f f i c i e n t l y  powerful m ethylatlng agent* . The 
t h i r d  m ethyl group i s  Introduced only  w ith  g r e a t  d if f ic u lty *
The same a p p lie s  to  phlorobensophenon© and phloracetophenone*
A survey o f  the l i t e r a tu r e  showed ■ that in  gen eral m-methoxy
phenols a re  d i f f i c u l t  to' m ethlyate whereas o- and p^methoxy 
phenols m ethy la to  r e a d i l y .  Sine© th e  ease  o f  m ethylation  by th© 
u s u a l  proceedure depends on the a ccess io n  o f  e l e c t r o n s  by th e  
p h e n o lic  oxygen atom, th e  ease  o f  m ethylaticn  o f  o» and p<*methoxy 
.phenols i s  r e a d i ly  understandable due to  th e  la r g e + T  e f f e c t  o f  
th e  met boxy group . In  th e  met a p o s i t i o n  th e  met boxy group e x e r t s  
only  a sm all « I  e f f e c t  and i t  d i f f i c u l t  t o  u n d e rs ta n d  why two met aw «Mwnav«BtotRm
aethoxy groups shou ld  e x e r t  such a pronounced r e t a r d i n g  e f f e c t .  
I t  was c o n s id e re d  th a t a g e n e ra l  i n v e s t i g a t i o n  o f  th e  e f f e c t  o f  
s u b s t i t u e n t s  i n  th e  benzene nucleus  on th e  ease  o f  m ethylation  
would be o f  i n t e r e s t  and p o s s ib ly  throw l i g h t  on t h i s  problem . 
a  survey o f  the l i t e r a t u r e  on th e  e f f e c t s  o f  th e se  s u b s t i t u e n t s  
on o th e r  benzene s ld e -c h a in  r e a c t io n s  was u n d er tak en  for  
com parative p u r p o s e s . .
*» 2 -»
flie m efh y la tio n  r e a c t i o n  chosen fo r  d e t a i l e d  in v e s t ig a t io n  
was the r e a c t i o n  "between phenol and sodium methyl-. sulphate#  
f i l l s  in v o lv e d  an I n v e s t i g a t i o n  o f  th e  co rre sp o n d in g  a lk a l in e  
h y d ro ly s is  o f  sodium methyl su lpha te*  le i th e r  o f  th e se  r e a c t io n s  
has  p re v io u s ly  "been i n v e s t ig a t e d  from th e  k i n e t i c  s tan d p o in t*  
Mention i s  made o f  some o th e r  m ethylation  proceedures#
* 3 -
tij‘ : r^.'AGTios aieyx. s c i . r r .m s  ako hybroxidb iois
In. studying the r a t e s ,  o f  m ethylatlon  o f  p h en o ls . w ith . sodium
m ethyl su lp h a te  i n  aqueous a l k a l i n e  .so lu t io n  (see l a t e r )  i t  was 
necessary, to-.take in to - account the' sim ultaneous' a l k a l i n e  h y d ro ly s i s  
o f  th e  sodium m ethyl su lp h a te  which assumes, th e 1 nature o f  a s id e  
r e a c t i o n .  fh e  k i n e t i c  e q u a t io n  d erived  f o r - t h e  blm olecular  
m ethylatlon  r e a c t i o n  w ith  p h en o l.r e q u ir e s 'the knowledge- o f  th e  
r a t e  constant fo r  th e  blm oiecu lar second o rd e r  h y d r o ly t i c  r e a c t i o n  
under th e  same ex p e rim en ta l  c o n d i t io n s .  & s tudy  was th e r e f o r e  
mad© of  t h is  l a t t e r  r e a c t i o n .
ffae Mature o f  the- R e ac tio n
I t  i s  g e n e ra l ly  rec o g n ise d  that d ia lk y l s u lp h a te s  r e a c t  w ith  
hydroxide Ions  by the b lm oiecular p ro cess:*
1U£04*R +• OH"*’ —-> 1US04* + ROB ( l )
th e  monoalkyl su lphate formed r e a c t in g . fu rth er hu t .very much more
slo w ly s-
B.SO4 " + OH* —> S O / .-+- EOH (2)
R eac tio n  ( l )  was i n v e s t i g a t e d  by Kremann (Monatsh# 1907# 28# 15)
- ; W W« i . mw» i iW > w i < 8ii  . . .  *  *«m m m  .
who# w o rk in g  w ith  d ie th y l s u lp h a te  i n  h e te ro g en eo u s  aqueous medium
.with r a p id  s t i r r i n g  (hence a c h ie v in g -a n  app rox im ate ly  c o n s ta n t
d ie th y l  s u lp h a te  con centration  i n  the aqueous phase equa l t o  i t s
s o lu b il i t y )#  found an approxim ate 1.p r o p o r t i o n a l i t y  between a l k a l i
c o n c e n t r a t io n  and speed o f  h y d r o ly s i s .  R ollak  and Baar ' (ib id .
1917# 58# §01.) overcame th e  co m p lic a t io n  o f  two s e p a r a te  phases
by-.working i n  a l c o h o l i c  so lu t io n #  However# they  b ased  t h e i r  
c a l c u l a t i o n s  on a  f i r s t  o rd e r  re a c tio n  and t h e i r  va lu es o f  k
consequen tly  f e l l  as the  r e a c t i o n  proceeded* t h e i r  r e s u l t s  a re  
o f  some v a lu e  as th ey  show t h a t  dim ethyl s u lp h a te  r e a c t s  seme 55 
tim es f a s t e r  th a n  d i e t h y l  su lpha te#  In  rough agreement w ith  
Kremstnn who found a ra tio - o f  45*1* 'K iem ene( i b i d * 1917# 3g#r 555}-- 
p o in te d  out - that the. r a t e  o f  h y d ro ly sis  o f  d ia lk y l  su lp h a te s  b y  • •• 
w a t e r ' i s  n o t ' in c o n s id e ra b le  and cannot be n e g le c te d  compared w ith  
th e  r a t e  o f  -hydrolysis - by a lk a l i #  ' On t h i s  b a s i s  h e  r e c a l c u l a t e d  
&remannf s resu lts''and-obtained-a. good cons tancy  o f  th e  pseudo 
monomolecular ra te ,  c o n s ta n t  th roughou t th e  course  o f  the r e a c t i o n  
between d i e th y l  su lp h a te  and a l k a l i *
th e r e  i s  l i t t l e  doubt t h a t  t h i s  r e a c t i o n  i s  e n t i r e l y  ana logous 
to  t h a t . between a lk y l h a lid e s  - and hydroxide ion  which has been_ 
s tu d ie d  in. d e t a i l  -by* amongst o th e rs#  Bateman# Cooper#' Hughes and 
In go ld  1940# 925) who confirm ed the b im olecu lar mechanism
of - t he  re a c tio n  b etw een ’a-number o f -a lk y l  h a l id e s  and hydroxide 
io n  in. a lc o h o lic  s o lu t io n *  * The r a t © 'o f  r e a c t io n  f a l l s  r a p id ly  
along the-homologous: a e r ie s ' Me> Bt > Pr^ owing to  in crea sin g  
a ccess io n  of. e le c tr o n s  on the * -carbon atom* • B eaction  ( 1 )  may - 
be formulated, thus
.--. ■Heaction- (2 ) has n o t . been s tu d ie d  k in e t ic a lly *  " I t  d i f f e r s  
from r e a c t io n  (I)  and the co rresp o n d in g -rea ctio n 'o f a l k y l  h a l id e s  
i n  that I t - i s . b e t w e e n  tw o 'n e g a t iv e •io n s ■i n s t e a d 'o f  between an io n  
and a p o la r  molecule*... .This i n  i t s e l f  i s  s u f f ic ie n t  .to  a c c o u n t ,  
f o r  th e  v e ry  g re a t  d i f f i c u l t y '  o f  h y d r o ly s i s  o f th e  a lk y l  su lp h a te
io n  as  compared w ith th e  n e u tr a l . sulphate# I t  can also., be aspect** 
ed to  be a f f e c t e d  by th e  e le c t r o ly te  co n cen tra tio n , i . e *  the r a t e  
w i l l  in c re a s e  w ith in c re a s in g  e l e c t r o l y t e  c o n c e n t r a t io n ,  whereas 
r e a c t io n .  (1) w i l l  be u n a f f e c te d  (Moelwyn-Eughes, ■ "K inetics o f  
R eac tions  in  S o lu tio n #11 Oxford bniv# P r e s s ,  1947, p*9Q)# The 
same f a l l  in  r a t e  a long  th e  homologous s e r i e s  CH3 SO4 * >0 # 5 0^ ^* > 
I s o -O ^ y S O ^  i s  to  be a n t i c i p a t e d  p rovid in g  t h a t  the' mechanism i s  
the same fo r  bo th  r e a c t io n s *
The Method Adooted.-
r w m m w r i n n r i w » W i w
. Prelim inary experim ents showed that, t h e .r e a c t io n  between 
sodium m ethyl su lphate and hydroxide io n s : proceeds, a t  a. measurable I 
v e lo c ity  only-.at- e levated 'tem p eratu res o f *t h e .o rd e r ..o f . 1 0 0 ° •
This a lso * a p p l ie s  to  the re a c tio n  between sodium m ethyl su lphate  
and> phenol# I t  w as, th erefo re  *; m o st. convenient t o -talc© the  
•b o ilin g  p o in t .of water ;.as. the itemperature o f  reaction #  S ince  
th e tem perature. o f  b o il in g  w a ter .. i s , dependant v.on atmospheric 
pressure there w i l l  be.-a s l ig h t  ..variation  In tem perature .from
one experiment, to  another* - A ll  experim ents were therefore , 
conducted when the barom etric p ressure was betw een '755 and 765 mm 
corresponding to  a temperature o f  100® 10*2 (Handbook"o f  Chemistry 
and P h y sic s* C leveland - Kubber. Pub* CO# $ 5 0 t h ' Ed#' p # 179Q)#
To f a c i l i t a t e  ca lcu la tio n s '..the experim ents were .conducted 
■with equim olecular con cen tra tion s o f  m etal .alkyl su lphate and 
hydroxide ion* .
K3G4E * laQH — > .  ^ HOE ^  I&SO4M
■ (a -x )  (a -x )  Cx) (x)
«* 0 m
flie v e lo c ity , c o e f f ic ie n t  Is| was c a lc u l a t e d  from the u s u a l  express* 
io n  fo r  a'secbad  order reactions-
i  - x  : -
k
w here-t i s  : the time . i n  miniites#
SUBOTUj
*MnMKVttU» flSMSOK*
R e su lts  aand D iscuss ion
■ Ta® d e t a i l e d  r e s u l t s  a re  g iv e n ’ in.. Experim ental I  and 
summarised in  fa b le . I  below*
■ ' ’ '' V e t o l *  *  :
2nd Order Hate C o n s tan ts  fo r  th e  R eac tio n  between Eet&i A lkyl 
Sulp h a te s  and Hyd rox ide  Ion  i n  aqueous S o lu t io n  a t  1 0 0 ° __
: ' 5 *Expi * ■ su lp h a te ' eoncn* ’jMHwwWMii fimnt*r« »t *i»niriwi A lka li. ooncn* conen*m : k x 10
lA 1'; ' €H3E04lfa ; ’ 0*50 : " ' iaO E :: 0*50 : 2 .0 0  ' ' ! 8*5
’IB - ir 1*00 ■“ : 'a : /  • ■ 1*00 4*60: : " ' 11*4 '
'1C- ’■ ft : ' 1*00' ;- if i .o o "  r 4*00 : 11 .5
IB ' ; 1*50 .« 1*50 6*00 :
2 : 1*00' v Koa;" ':'l*C0 4*00’ ‘ 1 11*2
5 :. 1*00 . ; laO H ' ; i*oo i : 4*00 V. - 1*05
T o ta l  io n ic  ' c o n c e n t r a t io n  = fcllonl x charge* ' This remains c o n s ta n t  
throughout- th e .rea ctio n *  ; The true io n ic  C oncentration i s  
a c tu a l ly :approxim ately '6 $ g r e a t e r  th an  g iven-sine©  .the m e ta l  
.a lky l, su lpha tes , .c o n ta in e d  about; &%' of., im purity c a lc u la te d  as  
sodium su lpha te* . '' ' -
The. d e t a i l e d  r e s u l t s  confirm ' th e  M m olecuiar n a tu re  o f  the  
r e a c t io n #  th e  r a t e  c o n s ta n ts  i n  a l l  c a se s  showing no' upward o r .
downward t r e n d  over th e range ' o f  tim e in v e s t ig a te d *81 A ll
w'‘The r e su lts -p r e se n te d  here# by them selves do not prove
reaction s'w ere ca rr ied  to  approxim ately 60$ o f  com pletion except , 
3Sxpt*'5 in vo lv in g  the rea ctio n  between sodium e t h y l "sulphate and 
sodium hydroxide which' went some 20$ towards com pletion* This 
In d ica tes that any concomitant h y d ro ly sis  o f  th e" a lk y l su lphate by. 
neutral water m olecules i s  e ith e r  n o n -ex isten t or e n t ir e ly  
n eg lig ib le*  • This a p p lie s  to  the r e a c t io n .o f  the corresponding | 
a lk y l io d id es  {Bateman# Oboper? Hughes and IsgQld# 'loo* c - lt*) but 
not apparently to  the n eu tra l a lk y l su lp h ates I (Klemenc # ,.loe» e i t * )
The s u b s t i t u t i o n  o f  po tass ium  io n s  fo r  sodium, ions does not 
in flu en ce  the ra te  o f  r e a c t io n * ' . . Elemene* however# found th a t • 
dimethyl, su lphate was . hydrolysed' appreciably' fa s te r  by MM than by 
BaOH.which.he a scr ib ed  t o . the c a t a ly t ic  In fluence- o f ?the u n d ls se c i-  
ated , a l k a l i * .., The d i f f e r e n c e  in  ra te  ;d ecrea sed ,w ith in c r e a s in g  ■. 
.temperature* • d if fe r e n c e s  between the r e a c t iv i t y  of. laOH and KOB 
have '.been observed, in  other rea ctio n s#  e*g* . the . red u ction  o f  
ketones by primary a lc o h o ls  in  the -presence o f  s t r o n g .a lk a l i • 
{Hargreaves and Owen * J.C.S* 1947#. 750 )* i n  th is  case  HaOB i s
* » « g a 8a t * t a » r i > » . i  W W W
preferable*.
The f a l l  in  r a te  on p a s s in g  from- methyl to. e th y l i s  very  
considerable# the - r a t io  o f  th e  r a t e s  b e in g  approxim ately  1 1 *1 * ■ "• 
This i s  in  very good agreement w ith  t h e . corresponding r a t io  fo r
co n c lu siv e ly  th a t; theH E ineties ©iTthe. react io n 7 a r e ' o f  ~ t ^ ’secoST " 
ord er# .n or.does i t  fo llo w  that because th e  r e a c t io n .k in e t ic s  are o f  
th e  second order#' the re a c tio n  ' is  feimole^ul&r* A s a t is fa c to r y  
'dem onstration would requ ire measurements;'over a wide range o f  '• 
d iffe r e n t  con centration s o f  both a lk y l sulphate- and. hydroxide ion# 
As s ta te d  .above#■by analogy-w ith  t h e 'a lk a l in e :h y d ro ly s is  o f  th e  
a lk y l h a l id e s  w^ich has been, proved c o n c lu s iv e ly  t o ' be  M m oiecular#  
th e  p re se n t'rea ctio n , would be expected  to  be bim oleeular# and the  
r e s u lts  • do • support • t h is  hypothesis*  ■  .............     • . .
a l k y l . i o d id e s  In  80$ aqueous e th a n o l  a t  06° e£12#5sX (Bateman,. ..
Cooper, Hughes.' and Xngold, l o e ^ c l i * h  '
flier© i s  a  marked in c re a s e  i n  r a t e  w ith  . in c re a s in g  io n ic
; c o n c e n t r a t io n , as  a n t i c i p a t e d '  foa? a r e a c t i o n  feet ween io n s  o f  l ik e - . . ;
a*<
. charge { ©slwyn-I t^Ues* loe*- c i t * ' )* - ; .  fher© 'not s u f f i c ie n t - .d a ta  
.for:.a q u a n t i t a t i v e  t r e a tm e n t , ’ tm t i t '  may .be deduced from th e
fg
c o n s ta n c y 'o f  the r a t e  c o n s ta n t  t h a t  the. s u b s t i t u t i o n  • o f  S O ^- .fo r
CH^SO^V (o r ; O2H5 SO4* )  + OH* as. occurs  d u r in g  th e /e o u r& e-b f  th e  •.•;
. r e a c t i o n  does no t s i g n i f i c a n t l y  -a ffec t -the in f lu e n c e  o f  - t h e - t o t a l
io n ic  in te rac tion* -. - -
;Xt. would have b e e n . o f  i n t e r e s t  .to  e v a lu a te  th e  ’ p a ram e te rs  0
f  and. E o f  .. th e  A rrh en iu s  ' e q u a t io n  k  ~ ' ^ h ia .  r e q u i r e s  a'
. knowledge - o f  k a t '  a . s e r i e s  o f  . t e m p e ra tu r e s t f o r  an a c c u ra te  .
.I n t e r p r e t a t i o n  o f , t h e . r e s u l t s :. a t  l e a s t  th r e e  ■ te m p e ra tu re s  a r e
r e q u i r e d . s e p a ra te d  by a t .  l e a s t  10° .each* , .U n fo r tu n a te ly , ,  a n '
a c c u ra te  th e r m o s ta t . b a tii  o p e r a t in g  a t  e lev a ted :  te m p e ra tu re s  over
long periods'; was m a t . a v a i l a b l e  % a l s o  te m p e ra tu re s  < over 1 0 0° would
n e c e s s i t a t e : t h e - u s e  o f  .s e a le d  c a p s u le s , : p robab ly  o f  o th e r  m a te r i a l
than  glass* ' . . -.?hers can b e ; no doubt- t h a t . th e  low r a t e  o f  r e a c t i o n
. i s  due- in  th e  ■ main i f  n o t . e n t i r e l y  t o  ' th e  - .powerful r e p u ls iv e  \
fo rc e  between Ions o f  l i k e  charge*.; ■. • Changes i n  r a t e  on p a s s in g
from one';a lkyl, s u lp h a te  t o  another.' a r e  p robab ly  due to  changes I n
IS ,o n ly ,: s in c e  th e  m e th y l : e th y l  :r a t i o  i s  th e  same a s  f o r  th e  ,
n e u t r a l  a l k y l  i o d id e s ,  and th e  v e l o c i t i e s  o f  . r e a c t io n  o f  th e
a i k y l : h a l id e s  w ith ..hydroxide io n  ag ree  w i th  the . p r e d i c t i o n s  o f  th e
sim ple c o l l i s i o n  t h e o r y ,  i*e* P ^ l  ( | r a n t  and B inshelw ood, £*C*S* 
1955, 258)* vk:.>'
fr.~. 1 ICTIOS. ZTH.'.TZm ftl& th  STJi.'^T' S -1' ’ i) P' ' 'f"tl ' ’ IOSS
^ w mr^Ho-<i^ lij |r,>Mirr -,ltTX<r~'irTirifnti'i,'iTrrr t r  tt'-n '■» «■>« » . i.'iwwi Wf. »>■■,» mint i r ummi Mi iiiiiiwii M - i w - <**■■ mini*. m*h i i m—wm rm * « n  twi'iimr mfWMti
?he l a t e r e  o f  th e  Ee&ctlon
The a lk y la t io n  o f  pheno ls  by such reagen ts as  . th e  a lk y l  
h a l id e s#  s u lp h a te s  and benzenesulphonates has long been re c o g n is e d  j 
as a'b iiaolecu iar. reaction #  and numerous r e a c t io n s  have been s tu d ie d ;
e i t h e r  k in a t le a l ly  or q u a n tita t iv e ly  in  considerable, d e ta i l*  ;
. . . . . . . . .  .
The e a r l i e s t  workers In  t h i s  f i e l d  s tu d ie d  th e  a l k y l a t i o n  o f  phenol 
w ith  a lk y l  io d id e s  (e *g* Eecht #•Conrad.and Bruckner# 2 e it* ;  p h y s ik a j . 
Che®# 1889# 4# 273; Burke and Donnan* J*C*S* 1904# ^5# 555j
( H W r n m  . w  * * *  • « w  . r  w m * s a  • r -
S e g a lle r , J .C .S . 1913, 103, 1154, 1421) and showed..that the
r e a c t io n  co u ld  b e 'e x p re s s e d  by th e  u su a l  form ula f o r . a  r e a c t i o n  
o f  th e  .2nd o rd e r  and fo llo w ed  th e  g e n e ra l  forms-* - 
, 0eI%0Sa’ +  EX- —> 06EgOE laX .
T h is  wa© confirm ed fo r  the co rresp o n d in g  r e a c t i o n  o f  the and /3- 
naphthoxides (Cox# J*C*S*. 1918# 113# 666)* I t  was shown fu rth er*  
more by Acree and co-w orkers ( tee r*  Chein*-3Y 1912# 48# 352 s 1913#
wgw<#nttm * iKMsii»j)»i.i» i s i i iHiiw rn'iw wipw.nn > ♦ » * * « *
49# 474; d*Pliys*' Chem* 1915#'19# 881# 589) that th e  r e a c t i o n  was 
made up o f - two p a r ts #  one due t o  the phenoxlde io n  and one due to  • 
th e  u n d isso c la ted  phenol# th e  c o n t r ib u t io n  o f  the l a t t e r  tow ards ' 
th e  t o t a l  r a t e  o f  • r e a c t io n -  being, e ith e r  • very .sm all o r  n e g l ig ib l e  
compared w ith  th a t  o f  th e  former* T h is  has  been f u l l y  confirm ed  
by la te r  w orkers such - as Brown (Thesis#  London# 1934) working 
w ith  sodium i s o - eugen o la te #  E&rdwick (J*C *&* 1955# 141). working 
w i th  sodium m -xylenolate# B arron  (Thesis# London#-. 1936) working • 
w ith  sodium fhymolate# and M itc h e l l  (jhO*S* 1937# 1792) w orking
, — 10 -
w ith  sodium gu&iacoxide* •. In  t h e ' r e a c t i o n  between o le f in e  ox ides  
and sodium phenoxides s tu d ie d  by,. Boyd e t  a l * # i2*0*£* 1914# 105#
8117 s 1919#"115#'1239) i t •I s  a g a in  th e  phenoxi&e Ion-w hich ta k e s  
p a r t  in  th e  r e a c t io n #  th e r e  be in g  no c o n t r ib u t io n  from th e  f r e e  
phenol*. .
In  c o n t r a s t  w ith  th e  .v a s t  amount o f  work c a r r i e d  out w i th  th e  
alley! h a l id e s#  a l k y la t i o n  w ith  d i a l k y l  and is e ta l  a l k y l  s u lp h a te s  
has r e c e iv e d  bu t.-scan t a t t e n t io n *  , , Although . .d im e th y ls u lp h a te  
has  been used, e x te n s iv e ly  and c o n d i t io n s  worked out f o r  th e  •• • 
improvement, of. .y ields# .very  l i t t l e  work has  been done on th e  
k i n e t i c s  .and mechanism o f  t h e .- r e a c t io n #  • T h is  i s  p ro b ab ly  due to  
the. many d i f f i c u l t i e s ,w h i c h  have to  be. f a c e d  i n  d e te rm in in g  th e  
'v e lo c i ty  o f  th e  r e a c t io n s  ..
( i )  th e  p resen ce  o f  s id e  r e a c t io n s #  l*e* decom position  o f  th e  
d im ethyl su lp h a te  by th e  -solvent, (u su a lly . ,w a te r  or. methanol)#
( i i ) .  th e  fu rth e r,,  r e a c t io n  o f  th e  monoa-ethyl, s u lp h a t e . formed, d u r in g  j 
th e  f i r s t  s ta g e  o f  the- r e a c t io n ^  . . j
( i i i ) .  the  i n s o l u b i l i t y  of  d im ethy l su lp h a te  in  w ate r  and hence th e  1 
p resen ce  o f  two-,phases u n le s s  m ethanol i s  u s e d ,  | 
-Civ) th e  r e l a t i v e  i n s o l u b i l i t y  o f  th e  sodium s a l t s  o f  many p heno ls  •[ 
in. b o th  w ate r  and methanol*-
As. a r e s u l t#  - most w orkers have been co n ten t to  s tudy  not- th e  a c t u a l  
r a t e  bu t the- y i e l d  of. m e th y la ted  pheno l -produced under s ta n d a rd  
c o n d i t io n s  and - th e . e f f e c t  o f  v a ry in g  th e se  c o n d i t io n s*  • £u~Y a 
s tu d y  -of the ' -. -met by l a t  io n  o f . phenol, has been  made .by Lewis, 8E x fe r j  
Wesley# Trieschmann and Cogan. (Xnd* Eng. Cfcenu 1930, 2 2 , %54) Cc.f*
- . 11 , —
Wolford, ib id * p * 397) who found th a t '  th e  lower the w ater  c o n c e n t r a te* *ww«yn*m.was “
io n  (u s ing  w ater a lone  a s  so lv e n t}  th e  h ig h e r  th e  y i e l d ,  a l s o  th e  
y i e l d  In c re a s e d  w ith  In c re a s in g  a l k a l i  c o n c e n t r a t io n  up to  double 
th e  e q u iv a le n t  o f  the  phenol p re se n t*  a f te r .w h ic h  i t .  remained- 
constant* ' . Both th e se  r e s u l t s  cou ld  be p r e d ic te d  on t h e o r e t i c a l . ;  
grounds# s in c e  th e  lower th e  w ate r  c o n c e n t r a t io n  th e  sm a lle r  w i l l  be 
th e  c o n t r ib u t io n  o f  the s i  do r e a c t io n  (GH^jgSO^ + EgO +*
CH«OH, and enough a l k a l i  must be p re s e n t  t o  produce th e  phenoxi&e 
ion* ffee second s ta g e  .of t h i s  r e a c t i o n , . i . e .  th e  use o f  .the  . 
second a l k y l  group,, in v o lv e s  th e  employment .of much h ig h e r  ■ 
tem p era tu re s  -  100° fo r  m ethyl su lp h a te  and 160° f o r  e th y l  su lp h a te  . 
{Cade, Chem* and Met. Brg* 1923, 29 319). ■ Bay and Ghosh,
{J. Indian' Chew. Boo. 1945, 22,  283; Cfeee-. « > s. 1946 , 4 0 , 4360)
' 4wws,»wj t »w. wn mm w . i ' r inuTfo-fBii r  wiu>»w < w * * » i f i u i . u f i  nr#,,*[**. *»**«*;
employed po tassium  e t h y l  su lp h a te  a t  125-130°.'
The'a lk y la t io n  o f  p h en o ls •I s  th u s  seen  to  be e n t i r e l y  analogous 
to  th e  a iky  la t  ion  of w ater  o r  a lc o h o l  in  th e  p re se n c e  o f  a l k a l i .  ■ • 
The r e a c t i v i t y  o f  th e  a l k y l a t in g  agen t depends o n , th e  .extant o f  
withdrawal ..of e le c t r o n s  from th© ^ -c a rb o n  atom. ' D ie th y l  and 
monoethyl su lp h a te s  r e q u i r e  more s t r i n g e n t  c o n d i t io n s  for  e th y ia t io r  
than  do th e  co rresp o n d in g  m ethyl compounds fo r  m etfcylation (Cade,, 
l o o * , e i t ») The f a l l  in  r a te  o f  a Ik y la tio n  on p a ssin g  along th e  
s e r i e s  Me * * #Bt * • • »~Br • ♦ *n-Bu *** n-ii® * * • 1  so-Pr •«• iso-B u  * ♦ • i  so-Aia has ■tfrtfenetctttt* WMtmftfwa
been i l l u s t r a t e d  w ith  sodium eugenoxide by Woolf (3 * 0 .S. 1937, 1172) 
and w ith  sodium thym olate by B arron ( l oo .  - c l t . ) .
• The in f lu e n c e  o f  s u b s t i t u e n t s  i n  the  pheno l n u c leu s  on th e  rat©
o f rea c tio n  has rece iv ed  a t te n t io n * '  ils to  be a n tic ip a te d  on
t h e o r e t i c a l  g rounds, a c c e s s io n  of e l e c t r o n s  to  th e  p h e n o l ic
oxygen atom shou ld  tf a c i l i t a t e ;  th e  '/reac tion*  Goldsworthy .{3 * 0 .8 * •■•
1926, 1254) sh o w e d - th a t: i n  th e  r e a c t i o n  'between e th y l  io d id e  and*”...
p h en o ls ,  a 'm ethy l/; ;substituen t a c c e le r a t e d  th e  r e a c t i o n  w hereas :a ' 
■chloro s u b s t i tu e n t  r e t a r d e d  I t * , Eoyd.e t  a l >, • ( l oc* e i t » ) ;r e a c te d  
, e th y len e  and .p ropy lene  oxides w i t h . a com prehensive . series-., o f  ■’ • 
s u b s t i tu t e d  phenols* : Thelr. r e s u l t s  show t h a t . a l l  s u b s t i tu e n t s : .  '•••■ 
{apart £rom.some.o r th o  s u b s t i t u e n t s  w h e r e . s t e r i c  e f f e c t s  were super-
*  BW»-WWBWWWC>W« lBa>
: Imposed) a c t  i n  the. a n t i c i p a t e d  d i r e c t i o n  and w ith  a n t i c i p a t e d  - 
r e la t iv e . .  I n te n s i ty *  . The only other', s y s t e m a t ic . work c a r r i e d  ou t on 
th e  e f f e c t  .o f  - 'nuclear - s u b s t i t u e n t s  on a l k y l a t i o n . r e a c t i o n s  i s  t h a t  
on th e  m e th y la t io n  o f  phenols ' w ith  d im ethy l su lp h a te  by Hodgson and 
Hixcm (tT»0»g* i9 6 0 , ,2166)# . S ince  t h e i r  r e s u l t s  do no t - appear to  
agree, w ith  th o se  a n t i c i p a t e d  on t h e o r e t i c a l  grounds a. thorough  /
exam ination  o f . t h e i r  w o rk .a p p e a re d /d e s ira b le*  ' ' |
ilet b y la i lo n  • o f  P heno ls  th e  lle thod of'Hodgson and Mixon
w -According':to Hodgson and l ix o n  (loo* c i t « )  wth e  u s u a l .  ; !
■** awtaw mmui iiww—» m a t i—it u . in w tm> '
procedure f o r . the. me thy  l a t  io n  o f  p heno ls  by means o f  d im e thy l -ij
su lp h a te  i s  very • e f f i c i e n t  f o r  o r e s o ls  • (70 -80$), m odera te ly  so - for . 
phenol (65$) and th e  n i t r o p h e n o l s ,  bu t f a i l s  a lm ost e n t i r e ly :w i th ' ,  f
. th e  c h lo ro n l t ro p h e n o ls  and n i t r o c r e s o l s * ,f. T h e ir  .method f o r  \
comparison o f  .the • r e  l a t  ive •. ease  -of -m etfeylation; o f  ■ \*arious - p heno ls  
w a s a s .  follows?-, h ; , ; , ;
. : nQm  te n th  '.'mole, 'o f  p h e n o l ,  d i s s o lv e d  i n  ‘50- cc c o ld  .10$  aqueous ! 
sodium hydrox ide 'w as s t i r r e d  v ig o ro u s ly  w ith  1 2 'cc d im ethy l sulphate!
f o r  •• • oQ m inutes |  th e  m ix tu re  was th e n  s low ly  warmed 'to  100°° ^  on
■— ' 13 **
th e  w ater  “bath  and kep t th e r e  for  30 minutes* The r e s u l t i n g  ' 
a n iso le  was removed by steam d i s t i l l a t i o n ,  d ried  and weighed*®
• The p e rcen tag e  y ie ld s  th ey  o b ta in e d  were as fo llo w s* - •
65
71
02
71
47
65
e-C hloro-^ -n ttrophenol
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Phenol : 
o-Cresol- 
-oCres.o.1 
p-C resol ' 
o-Iitroph.enol ■ 
sn-litrophenQl • 
p-M trophenol.p  
o-Chlorophenol■
®-Chloraphenol 
p-Cfrlorophenol 
.. In so lu b le  l a . s a l t  * 20$ y ie ld , i n  very  dilu te- s o lu t io n .•
' ■ ' The a u th o rs  a p p r e c ia te  t h a t  th e  f a c i l i t y  o f  m ethylation  
depends on th e  . l o c a l i s a t i o n  o f  th e  n e g a t iv e  charge on th e  phenolic
oxygen. at on i O L <s>
but g ive ' n o - s a t i s f a c to r y  e x p la n a t io n  f o r  th e  numerous anomalous 
r e s u l t s .
( I )  ' The y i e ld  o f  m -crecyl e th e r  i s  h ig h e r  th a n  th a t  o f  th e  
p -d e r iv a tiv e , which i s  th e  r e v e rs e  .of t h a t  a n tic ip a te d  fo r  a 
r e a c t io n  requ iring  -accession  o f  e l e c t r o n s  i n  th e  s id e -c h a in . ’
Cii) ■The y ie ld s  of the n ltrep k en o i e thers  are the same or only 
s ) 1 t l y  less  than that o f  a n iso le  despite  I b con sid erab le  • - 1  and 
e f f e c t s  which operate*
( i l l )  The y ie ld s  of.ch lovoph en ol e t h e r s  a re  h ig h e r  th a n  t h a t - o f
*» £4 «*»
a n iso le  •
( i \t) . rfUe r e s u lt s  fo r  the dl~ and t r i- s u b s t t tu te d  phenols appear 
unint e 1 l i g i b l s  *
Cv) St e r i c  e f f e c t s .  In  the o r th o  .p o s i t io n  a r e  very sm a ll  ancl
a b sen t  a l t o g e t h e r  w ith  o -c re so l*
With a view to  I n t e r p r e t i n g  t h e s e - r e s u l t s ,  two o f  t h e i r  ' 
experim en ts  were r e p e a te d ,  v is*  th e  m e th y la t lo n  o f  pheno l and o f  
p-n itrophenol* On th e o r e t ic a l  grounds th ese  two pheneIs should  
show a con sid erab le  d i f f e r e n c e  in  r e a c t i v i t y ,  as indeed th e y .d o  In  
th e  homogeneous r e a c t io n  w ith  sodium 'methyl su lp h a te  (q«v*)* fh e  
experim ental d e t a i l s  g iv e n  a re  not very - e x p l ic i t  and the fo llo w in g  
m anipulations were in c lu d e d ,  which may or may not have been c a r r i e d  
out by Hodgson and Hixoru- (a ) the r e a c t i o n  m ix tu re  was not s t ir r e d  
w h i l s t  be ing  h e a t e d ;to  100° and h e ld  th e re  fo r  50 m in u te s ,  (h) the  
steam d i s t i l l a t e  was -extracted  w ith e th e r  and th e  e th e r e a l ex tra c t  
washed w ith  d i l u t e  sodium hydroxide s o lu t io n  to  remove pheno l ■ 
p r e s e n t ,  d r ie d  over anhydrous sodium s u lp h a te ,  th e  e t h e r  ev a p o ra ted  
o f f  and th e  a n iso le  p la c e d  in  a steam  oven fo r  1 hour p r i o r  to  
c o o l in g  and weighing* • I'h© y ie ld s  obtained, were as fo l lo w s : -  
- Phenol 87$/. ' p-M itrophenol 81$
Although s l i g h t l y  h ig h e r  than  th o se  o b ta in ed  by Hodgson and Mixon, 
they  a re  in  re a so n a b ly  good r e l a t i v e  agreement*
During th e s e  experim en ts  the fo l lo w in g  p o in t s  were b rought to  
l i g h t s -
(a) Phenols a r e  t o  some e x te n t  v o l a t i l e  in  steam from a lk a l in e 'b  - 
so lu tion *  In the p -n ltrop h en o l experim ent the unchanged phenol
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which d i s t i l l e d  ever  was determ ined  and amounted to  0*8$ o f  the
o r i g i n a l  e q u iv a le n t  to  0*5$ o f  t h a t  u n reae tea*  ' :' I n  a s e p a ra te
ex p e rim en t, the-' steam d i s t i l l a t e  from a 0*1 m olar s o lu t io n  i n  10$
sodium hydroxide co n ta in e d  0*2$ .p h e n o l f  " The1 p resen ce  of ' an' o r th o
s u b s t i t u e n t  i n  phenol c o n s id e ra b ly  in c r e a s e s  i t s  v o l a t i l i t y  i n ..
steam , and assuming t h a t  Hodgson and Hixon d id  n o t wash t h e i r
/ ,
steam d i s t i l l a t e ' w i t h ' a l k a l i ,  i t  may account f o r  t h e i r  r e l a t i v e l y  
h ig h  y i e ld s  o f  o r t h o ' s u b s t i t u t e d  pheno l o thers#"
w  — f c p f l M p . y u i  m m  m w m t
The sodium, s a l t s  o f  the" n i t r o p h e n o ls  a re  r e l a t i v e l y  in so lu b le , ,  
and c e r t a i n l y  l e s s  so lub le , th a n  1 /5  mole' p e r '100 ml#' ' In  th e  |
- . . .  : • a-’ . V. ' ■ - " !
p -n itr© p h e n o l  experim ent th e  m a jo r i ty  o f  th e  sodium ' p h en o x id e ' |
. i• ■ - ■ * ' irem ained und i'sso lved  d u r in g  th e  i n i t i a l  50 m in u te s1 s t i r r i n g  i n  th e ;  
cold* During th e  h ea tin g "  s ta g e  both, th e  sodium s a l t  undbtbe j
d im e th y l  s u lp h a te  s e t t l e d  to  th e  bottom* T h is  c o n d i t io n  was 
e q u iv a le n t  t o ' t h a t  u sed  by Haworth and l»&p w orth  (J  *C*&* 1925, 123, 
2906) and a l s o  by Hodgson and  Mixon ( loo* e l t  *) ■ In  which th e  phenol 
i s  h ea ted  w ith  'sodium' c a rb o n a te -an d  d im e th y l s u lp h a te  in  x y le n e ,  ' 
i*e* i n  th e  a b s e n c e 'o f  water* Under th e s e  c o n d i t io n s  a. - d i f f e r e n t  
mechanism en su es ,  t h e : r e a c t io n  be ing  f a c i l i t a t e d  by e l e c t ro n  
r e c e s s io n  from t h e ’s id e -e h a ln *  ' (This r e a c t i o n  I s  d is c u s se d  by 
Hodgson and Hixon.) ' T h is  i n  i t s e l f  i s  s u f f i c i e n t  to  account f o r  ’ 
t h e 'h ig h  y i e l d s  o b ta in e d  w ith  th e .n i t ro p fc e n o ls  and d i - o r th o  -  
polyhalogenophenola  * |
The Method Adopted ,. j
In'- view of th e  e r r o r s  and l i m i t a t i o n s  in v o lv ed  in  th e  methods i
*». lb *»
employed by o th e r  w orkers d i s c u s s e d ■ above, & method.was d e s i r a b le  
which in c lu d e d  th e  _ fo llo w in g  ¥ p o in t  ss~
<i> . th e  r e a c t  ion • sh o u ld  be ca rr ie d , out .In  homogeneous so lu t io n #  
<il5 th e  c o n c e n tr a t io n  o f  th e  .phenoxide • ion. must he known : ■: ••. 
a c c u ra te ly #
( i l l )  th e  s id e  r e a c t io n .in v o lv in g  th e  s o iv o ly s ls  o f . t h e  a l k y l a t i n g  
agen t shou ld  e i t h e r  be n e g l ig ib l e  compared w ith  th e  main r e a c t i o n '  
or e l s e  a  q u a n t i t a t i o n  c o r r e c t io n  shou ld  he a p p l ic a b le *  
fh e  fo llo w in g  p o in ts  were d esira b le  but not ,e s s e n t ia l :*  •
( iv )  th e  r e a c t i o n  sh o u ld  p ro ceed  at a m e asu ra b le -v e lo c ity  at 
ord inary.tem peratures,
(%T) th e  r e a c t i o n  should -not • be . s e n s i t iv e  to  im p u r itie s- in  'the 
re a g e n ts#
(v i)  th e -d e te rm in a t io n  o f  the ra te , o f  r e a c t io n  should-be , 
r e la t iv e ly . simple#
fh e  use  o f  d im ethy l su lphate was p re c lu d e d  ow ing ,to  the  very _ 
v ig o ro u s  act-ion which t a k e s  p la c e  when a l k a l i  i s  added; to  an 
a lc o h o lic  so lu t io n  at room temperature* fh e  use of.sodium  methyl 
su lp h a te  the reu p o n  s u g g e s te d 'it s e lf#  th e  r e a c t i o n  b e in g  .much'slower 
and ta k in g  p la c e  in  aqueous medium* . - -Prelim inary experim ents with, 
'p h en o l showed th a t  the r e a c t i o n  proceeds' at a re a s o n a b le  r a t e  only  
a t  100°* fo  avoid, d i f f i c u l t i e s  due" to  th e  Incom plete.d is s o c ia t io n  
o f  th e  phenol a l a r g e . ex cess  o f  a lk a l i  CSO-fold, or more) was 
employed* I t  could# th e re fo re #  be assumed th a t  th e  phenol was 
.p resen t,.so le ly  .as. the pbenoxlda ion# I t  was found a l s o  t h a t  the
®The use o f  a l e s s  r e a c t  lire d ia lk y 1 s u lp h a te ,  e*g* d i^ ^ te r t -b u ty l
s u lp h a te ,  i n  the  co rresp o n d in g  a lc o h o l ,  may a lso  be feaSlBI©*
h y d ro l? /t ic  r e a c t i o n  w ith  hydroxide io n  ta k e s  p la c e  a t  a v e lo c i ty  
o f th e  sam© o rd e r  as  the., r e a c t i o n  w ith  phenoxide* - f l i i s  n e c e ss ­
i t a t e d  a h ig h  c o n c e n tr a t io n  o f  methyl su lp h a te  o f  th e  same o rd e r  
as': t h a t  • o f  .the h y d ro x id e ' ion* Thi e# however* had th e  advantage
icrH
t h a t  th e  m ethy l su lp h a te  consumed by r e a c t i o n  w ith  phenol- was 
very sm all compared w ith  t h a t  consumed by r e a c t i o n  w ith  hydroxide 
Ion and can he n eg lec ted ?  On t h i s  b a s is#  two k i n e t i c  eq u a tio n s  
were d e r iv e d  fo r  th e  v e lo c i ty  c o n s ta n ts  fo r  two s im ultaneous  
second o rd e r  r e a c t io n s *  The f u l l  eq u a tio n s  w ith o u t  t h i s  approx­
im a tio n  a re  in c ap ab le  o f  in te g ra t io n *
. C.i-SOrfSa + KaCH jEi_* CJUOLI + laoSQ. (1)
C35S048a + PhCH CIIgOFa + Kas 304 . (2)
I f  k i ~  second o rd e r  constant for the h y d r o ly t ic : re a c tio n  (I )  
kpj - {\  * .' . 11 . * met hy la t  ion  fr (2 )
a = i n i t i a l  OB^SO^Ba con centration  
>  s ’ tf . . .. IdiOIl 11 ‘ ■ ■
r* - If ■ ' ■ . « • ■ ; ■ ■ ■fj" ijavu
x = CH-OH and lla^SO^ c o n c e n t r a t i o n s ' a f t e r  t  m inutes
. , W • . h* ** *«■'
y = CHgOPti " t  "
i ‘hen'**
I f  ; * : ^ { a - x j  fp-x) 
eh o n : in te g r a t io n -g iv e s
1 -■; ■ ■\^n (a**x)
rssww»»w<R»#*iKew Ait 4 , ■,#****#tm.lwpimnT"»,MMr,tnr w »w mw iiu'<it  ^ ^ v - ' - a y x a frttftatw-*
!  = ■ 60tC a-p | .. a ip -x )  (3)
u  ;i t '  ■ ko(st-x) Cb-y)
S u b s t i tu t in g  f o r  (a -x )  from e q u a tio n  (5)
** pe  — - - ~ j, * -
which on i n t e g r a t i o n  g iv e s -
ko — - , 1...- *.0Ot!cx (a—p) ( *\**
■ u "  -60 t ( a - p )  +  ■*£■. Xj i — ~. I W, ■ ls  ^ * a-p '
I f  p *■ a#
a*T«ww * J \at . ■:- k^ (a.-x)
which on in te g r a t io n .g iv e s -  ■ . . . . ’ .
I  % C5)
msm<‘XL tame aaaaaww—rea miiuwgWif l y
= 6G% &(a-xj
■ f i y '
I f  5 k o (a -x ) (b -y )& . . . .  . . . . . . . . . . .
S u b stitu tin g  for (a*x) from equation  (5) -  - .
&y
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T  u l  ,
I efawg»m«wfc«Mt>miwtom* "mini* u«t>i.ii I f  TU. %
k g l I  +  6 0 t a k i l ( ® -7 )
which on i n t e g r a t i o n  g iv e s -
k ^ J s ik lZ ik s jtZ —  ■ t n
-  lo i l i+ e o ta k T T  . . .  €a>
l i ^  <4 * . s
Since th e  c a lc u la t io n s  in v o lv e d  in  equation  (6) a r e  very  much 
sim pler -than th o se  in v o lv e !  i n  e q u a tio n  (4)# th e  m a jo r i ty  o f  th e  
rea ctio n s.w ere  c a r r ie d .o u t .u sin g  e q u iv a le n t  i n i t i a l  c o n c e n t r a t io n s  
o f  a lk y l s u lp h a te  and hydroxide ion* Sodium m ethyl s u lp h a te  and 
sodium hydroxide were employed in  a l l  h u t two experim ents* . - One 
r e a c t io n  was earr i e & out u s in g  th e  co rresp o n d in g  po tassium  s a l t s
and one u s in g  sodium e th y l su lp h a te  i n  .place o f  m ethyl su lpha te*
^For the =f u l l  'd er iva tion  of t h i s  equation  see  appendix X*
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Su,.&ary o f  R e s u l ts  . ..
T m  d e t a i l e d  r e s u lt s  .are g iv e n . i n 'E xperim en ta l 11# Ix p ts#  4
to  26# ' ,.,
f a i l le  I I
m m  « m  ttXM
Second. Order Rate C ons tan ts  fo r  th e  R eac tio n  between * t a l  A lkyl 
Sulphates, and Fnenoxide I o n ' i n  iumeous S o lu t io n  a t  100°
i*~- <M>fcMaaBer wwirinabw i imiw  K 'tli'm  i i ^ artt^w^fc^ MUBauMtmtwrrit »*«»i t»mi«rafr*ma**»f1- ir—■ ti'rin f i   iMnL±i£Z**t«-*K**<*r*rlznzta!£i:ie*3*1J?’i Jrt»J-*t«t.-.OOt.<‘gat^ a»»tt«WlrtBQd >*#»«■«»
I n i t i a l  pnenol con cen tra tion  approx# 0*05 molar in  a l l  -eases
e x c e p t In  R r p t*  4B w h e r e . i t w a s  0 * 0 2 5 m o la r #
E x p t*
O cta l  a l k y l  
- s u l p h a t e
I n i t i a l .
e o n e n » A l k a l i
I n i t i a l
e o n o n *Wflti-faiftMl!* »VW» k  x  1 0 5
4A CH^ S0 ,Ra ' : ;
O
I .C O  ' liaO Ii i # C 0 ' . 7 . 4
4B rr ■If n If . 7 . 4
40 ** II ' ■ n G#50 6 . 6 - 4 . S 5*
' 4B it- II if it 7 . 4 ~ 5 . o K
2 5 'CE^SOJCVs %£
II imO**. 1 * 0 0 6 * 8
2 6 0  r l l  «s SO * 0  aO -ti
s* MaCfii « 1 .6 7
"'the t o t a l  Io n ic  con cen tration  was made up to . 4*00 by the ad d ition  
o f  0*25 m olar lag S 0 4 #
Second Order Rate C onstan ts  f o r  th e  R eac tion  between Codium Methyl 
Su lpha te  and Flienoxl&e Ions in  Aqueous 'Sointion a t  100°
omcm qm« <M6«< *«»« u.
I n i t i a l  co n ce n tra tio n s’o f  reactan ts*  KaOH * 1 .0 0 , CHgCO^ Ha * 1*00*
phenol * approx# 0 .0 5  molar*>pprox 
Phenol 
Phenol 
.Guaiacol 
o*»€resol 
o«Chlorophenol 
o -R Itro p h sn o l 
m«&e thoxyphono 1 
t t ^ S th o x y p h e n o l 
is>Cresol 
fii»Fluorophenol 
&>Cfrlo?opb,enol
i i - R I t r o n h o n o l  .
k x I t r
7 * 4 / 7 . .
6 *7
6*7 
* *  < 1*
0*25
o * o
o * w
4* o
4*2
2*6
Phenol.
'p~methoxyphenol
p~Bthoxyphertol
p-Orescl- .
■ %
p ** t e  rt-«*lmy Ip h e n o 1 
p^Fluoroptionol • 
?*»Qhloropheno 1 
p ^B ro O iO p a e n o l 
p-Io&oplienol 
p-U itrophenol
: x i c r  '• 
10. 1.
10. S5
o,%
%S V  v
10 * 5
7 .2  
5*45 ■ 
5*5, 5*5 
5 .1
0*5
3 15~Diraethoxyphenol 5*2
D iscu ssio n
Hwgin. «r» i yam *k*» mw tum
. Owing to  th e  r e l a t i v e l y  rap id  redu ction  o f  t h e •sodium methyl 
s u lp h a te  c o n c e n t r a t io n  due to  the s id e  r e a c t io n  w ith  hydroxide 
io n s ,  th e  re a c t io n  o f sodium m ethyl su lp h a te  w ith  phenoxide io n s  
co u ld  not u s e f u l l y  h e ' p ro lo n g ed  beyond 4 hours  by which time i t  
had  become very slow Indeed* This meant t h a t  even in  th e  most 
f a v o ra b le  ca ses  (e.g* th e  p-alhoxyptienols) on ly  60 p e r  ce n t  o f  
th e  phenol had re a c ted , w ith  phenol i t s e l f  50 per c e n t , down to
th e  exceed in g ly  u n r e a c t iv e  o« and p -n itrop iien o ls  re a c tin g  to  th e
/
e x te n t  o f  on ly  2 and 4 p e r  cen t r e s p e c t iv e ly *  • In  th e s e  l a s t  two
**»£!«*
ea se s  th e  rat© constant i s  based on th e  amount rea cted  a t one tin©  
in te r v a l only# v iz*  240 m in u tes .  " In a l l  o th e r  ea ses  th e  mean 
valu e at fo u r  o r  more tim e in te r v a ls  has been taken . The d e ta ile d  
r e s u lt s  show th a t the second order equation. (Equation 6 # p#18) 
h o ld s  good over the e n t ir e  range in v e s t ig a te d  i n  a l l  cases#. The 
f i r s t ’ o b s e rv a t io n  a f t e r  a p e r io d  o f  SC^inutes or so seems to  be 
su b ject to  a rath er h igh  e x p e rim en ta l  error (depending on a sm all 
d iffe r e n c e  between two large  f ig u r e s ) . and in  a number-of ca ses i s  
w e ll  below the mean# when i t  has been n eg le c ted  in  c a lc u la t in g  th e  
.mean# - The rat© constant for  thymol (not reported  h e re )  showed 
a marked r i s e  as . the r e a c t io n  proceeded# T h is  was f in a l ly  r 
a ttr ib u te d  to  a lo s s  o f  thymol by v o l a t i l i s a t i o n  and a b s o rp t io n  
by th e  ru b b e r  bung o f  th© r e a c t i o n  tu b e .  The lo s s  i s  o f  a very  
sm all order from 1  a lk a l i  (approxim ately 1 $ .per hour) but ©s the  
"reaction  p rogresses th e  a lk a l i  con cen tration  f a l l s  ra p id ly  
r e s u lt in g  in. an in c re a s in g  ra te  o f  lo s s  o f  thymol* Since non© o f  
the other phenols examined are appreciab ly  v o la t i l e  in  steam under 
the experim ental co n d itio n s  used  no d i f f i c u l t y  was exp erien ced . 
Owing to  the r e la t iv e ly  low r e a c t iv ity  o f  sodium e th y l sulphate#  
i t s  r e a c t io n  w ith  phenol was ca rr ied  out over 6  hours whereby 
some Z¥>i o f  the phenol had rea cted . In Experiments 40 and 4D 
applying k in e t ic  equation (4) (p*18)# the value o f k tended to  
f a l l  as th e  rea ctio n  proceeded# though the i n i t i a l  r a te  was 
almost id e n t ic a l  w ith  the constant value obtained in  Experiments 
4A gxid 4B# The reason  for t h is  f a l l  i s  not known* uowever# to© 
v a lu e  o f  k as c a lc u la te d  from t h is  equation  i s  extrem ely s e n s i t i v e
m m
' to  sm all experim ental e r r o r s  In  th e  v a lu e s  o f  a and n and ‘i t  i s  ’
UMBf WW
■possible t . e tJ a refinem ent 'in 'experim ental technique may overcome 
t u l a ' apparent anomaly# ‘ I t  i r ‘extrem ely u n lik e ly  that the  
divergence is' ser io u s  enough to  throw doubt on the p o stu la ted  
'bim oleeular mechanism .o f  the reaction #  - . '
As s t a t e d  p re v io u s ly  Cp#6 # fo o tn o te )  th e  fa c t t h a t  a r e a c t io n  
fo llo w s  second order k in e t ic s  does not n e c e s sa r ily  mean th a t the  
mechanism i s  M molecular# However#'by ana logy  w ith  s im i la r  
r e a c t io n s  which have been proved  c o n c lu s iv e ly  to  be bim olecular#  
th e  p r e s e n t  r e a c t io n  would b© .expected to  be bim olecular# and th e  
r e s u l t s  r e p o r te d  h e re  support t h i s  h y p o th esis . 
g : j--«cp.«racy o f  the' r e s u l t s '.-"Tae figures for  the rate constants ' 
a r e 'a cc u ra te ly  re p ro d u c ib le  as in d ica ted  by the r e s u l t s  o f  
Experiments ,4A and 4B ■(see  Table XI)# In one experiment th e  
r e s i d u a l  phenol was determined by th e  bromate-bromide method and 
in ' the '"ether c o io r im e tr ic a lly  w ith  F o lin  and C loealteu's reagen t#  
The means show no s i g n i f i c a n t  d i f f e r e n c e .  ■ The r e s u l t s  o f  two ' 
r a t e  d e te rm in a t io n s  w ith  p-bromopiie'mol a l s o  show no d i f f e r e n c e .
A number o f  o th e r  experim ents  (not r e p o r te d  h e re )  i n  which th e  
mmn v a lu e  ©f Jc i s  based on only  th e^ e  v a lu es  owing to  breakage o f  
th e  r e a c t i o n  tubes  d u ring  th e  course o f  th e  experim en ts  a l s o  
confirm ed th e  r e p r o d u c i b i l i t y  o f  th e ’ r e s u l t s .  In  g e n e ra l  th e
e r r o r  o f  th e  mean i s  c e r t a i n l y  not g r e a t e r  th a n  S$ i n  th e  c a se  o f
t h e ' l e s s  r e a c t iv e  phenols and c o n s id e ra b ly  le s s  in  the case  o f  th e
\ ..
m o r s 'r e a c t iv e  ones.; I t  i s  u n fo r tu n a te  t h a t  th e  sp re a d  o f  th e  
v e lo c ity  c o n s ta n ts 'I s  not very wide# th e r e  being# apart from th e
** S3 *» I
extreme e a se s  o f  th e  o- and p**nitp ©phenols# o n ly a fo u r f o ld  
differene®  in  ra te  between th e  le a s t  and th e ' most r e a c t iv e  phenols* 
I t  i s  f e l t  th a t  the d i f f e r e n c e s  in  ra te  between the various phenols#  
a l though  sm all# - are n e v e r th e le s s  s ig n i f ic a n t* '
E ffect o f  e ie e t r o lv te s ."  S ince th e  r e a c t i o n  in v o lv e s  two
................. U •» 11« i wfrw
s im ila r ly  charged’io n s ,  i t  should# as pointed , o u t ' p rev io u sly  (p*5)
be a c c e le r a t e d  by in creased  e le c t r o ly te  co n c en tra t io n *  -This was 
confirmed# th e  a d d itio n  o f  sodium su lp h a te  to  th e  r e a c t io n  m ixture  
p roducing  a marked r i s e  in  t h e .v e l o c i t y  co n sta n t.
. I i S M - 2  ■ , .... ■
E f f e c t 1 of' Added Sodium Sulphate' -on’ the V e lo c ity  o f  the re a c tio n  
between Sodium Methyl Sulphate and Phenol in  aqueous S o lu tio n  at
. ■ ■ : ■ .100° . ; ' .. ;
I n i t i a l  cn^SOAla and I&QK o oncentr at io n s . 1*00# phenol concentra*  
t io n  0 *1 0 * ° ........................... .............
Added BapBO, c o s e s . E .3L H £
- 8*22
0*25 8*29
0*6 ' ■ 8*38
1*0 (approx*) : 8*48
. ‘ 2*0 11 , 8*63
fh e  a c c e l e r a t i n g  e f f e c t  of. l a  lone appears  to  be s l i g h t l y  g r e a t e r  
. th an  t h a t  o f  li ions* .
h e Istiv©  r e a c t i v i t i e s  o f  a lk y l su lphates* fh© f a l l  in  re a c tio n  
v e l o c i t y  in  p a s s in g  from, methyl sulpnat© to  e t h y l  s u lp h a te  i s  
co n sid era b le# the r a t io  being approxim ately 8sX* T h is  i s  in
re a so n a b le  agreement w i th  a r a t i o  o f  4*1 o b ta in e d  by Woolf ( J 1C*B
** 2 4 **
1 0 5 7 , 1172} f o r  th e  r e l a t i v e  r a t e s  o f  r e a c t i o n  o f  m ethyl and 
e t h y l  - io d id e s ;w i t h "sodium eugenoxide In  e t h y l .a lc o h o l  , a t ;KO°«. 
f i l l s  su p p o r ts  th e  ev idence o b ta in e d  p r e v io u s ly  f o r  th e  r a t i o  of. 
th e  r a t e s - o f  a lk a l in e  h y d r o ly s i s ,  t h a t  th e  mechanism.o f .'r e a c t i o n  
o f  a lk y l  s u lp h a te  io n s  and o f  n e u t r a l  a l k y l  io d id e s  i s  th e  same# • 
I t  i s  i n t e r e s t i n g , t o  compare t h e - r a t e s  o f  r e a c t io n  .of, th e  two p. 
a lk y l" s u lp h a te s  w ith  hydroxide and w ith  phenoxide ions# The 
r e l e v a n t . f i g u r e s  a re  g iv e n  in  T ab le /?*
f a b le  ¥ ‘ '
wrwinoiM. w,mw< mm ■wftitw
Second Order K ate -C onstan ts  f o r  th e  R eaction  o f  Sodium Alkyl.
. Sulphates w ith  Hydroxide and Phenoxi&e Ions In Aqueous S o lu tio n
a t  100°
f *
a lk y l eulnhate te *  -10* for  r e a c t io n  witSx
‘ 0g“9‘ 0 Ph“
: Sodium jsethyl • 11.35  7 .4i
Sodium e t h y l    . , v . . . I #  05- 1*57
^From. fa b le . I ,  p*S# , *
A lo w e r ’r a t a  fo r  th e  phenoxld© ion  r e a c t io n  would b© a n t i c i p a t e d  
in  bo th  c a se s  due to  t h e ’ p a r t i a l  d is tr ib u t io n  o f  th e  n egative  
charge in  th e  h m ze n e  nucleus* The r e a s o n  why sodium e t h y l  
su lp h a te  shou ld  r e a c t  more' r a p id ly  w ith  phsnoxid© io n  th an  w ith  
hydroxide io n  i s  not known* The ev a lu a tio n  o f  th e  parameters ■
P and E o f -the Arrhenius equation  may prove o f  a s s is ta n c e  in
© xp la in  ing  ■ t h is  anlmgflcus r e s u l t*  • * v
The p a ra m e te rs  o f  th e  A rrhen ius equation*  For re a s o n s  ex p re s se d
Jrm iT ii,'^ 'iTi,riiiirnriiiYniiM|'ii)nii»i*n<iiiiiDiiii*wii^ arinTr i»'^ tiTff'i l'iiiwnjwiiiiiri ii^ m:iniii iii*ii w—nmiT>iwnUTmquiiitUiraiiTiii» r~n *■>*■rrm iiWiyr.W 'rfflrii m v ^ rrm titrwm
above {p .8) i t  was n o t p o s s ib le  to  determ ine  the" rate© o f  r e a c t i o n
oa t ’ s u i t a b ly '  spaced  tem p era tu re  i n t e r v a l s  in  o rd e r  to  e v a lu a te  th e  
p a ram ete rs -P  and E o f  th e  A rrhen ius  aquation*. . , U s in g .th e  same 
arguments as developed fo r  the- rea ctio n  between a lk y l  :su lphate io n s  
and hydroxide ions' i f  may be s ta te d  w ith  .reasonable c e r ta in ty  th a t  
changes in  r e a c t io n  r a t e  on ch ang ing  th e  a lk y l  ■ su lp h a te  or I n : . - -  
in t ro d u c in g  s u b s t i t u e n t s  (o th e r  th an  in  ;tlie o r th o  p o s i t io n )  in to
BMW JBMo'EVa uri-uflwrj
th e  benzene n u c leu s  w ill'-be cue .in  th e  a a lx ir 'lf  n o t-e n tir e ly #  to .
changes in  IS* The low r a t e  o f 'r e a c t io n  as compared w ith  th e  
corresponding r e a c t io n  o f th e  n e u t r a l  a lk y l  su lp h a te  w i l l  be' due to  
t h e _r e p lu s io n  between tw o .n e g a t iv e ly  charged ions* The r e a c t io n
between th e  phezioxlde Ion  a n d ;n eu tra l■a lk y l io d id e  has  been shown
/  . . . . .  . . . .
to  have a  normal va lue  o f  P ( h t t e k e l l*  loc* e lt*  * tToolf *'..loe# e l f  *) 
The- e f f e c t  o f" su b stitu en ts  in.- th e  p h en o l*, Over- the- course- o f th e  
past '50.'years n e a r ly  one hundred benzene s id e -cb a in  r e a c t io n s  have 
been in v estig a ted - as t  o -the  in tim ate nature of the r e a c t io n  and the 
e f f e c t  o f  nuclear su b s titu e n ts  on th e  v e lo c ity  o f  the r e a c t io n *  
Ingold  and co-workers (Ingold 'and  Shaw, J*C*S« 1927# 2925s In go ld
*  . w  *  »e»*B*wa<Bllii l in  TW *  W  •
and K othstein# ib id*  1928# 1217% Ingold  and P a te l#  «* Ind ian  Chem*
•W * * * * * * * *  “* >Wi«ui» *ii. i tun .wnggtrtMiwimmw^iriin wnwnnu'iiMnWiiMIWf
£oe*1950# -7 ,.  95) c l a s s i f i e d  tbeu as t o whether they were f a c i l i t a t e d  
or r e t a r d e d  by e le c t ro n - d o n a t in g  s u b s t i t u e n t s  and rev iew ed the ' 
p o l a r i t y  e f f e c t s  o f  v a r io u s  s u b s t i tu e n t s *  Although minor a d d i t io n s  
have been made to  t h e i r  theory#  c h i e f l y  by B r i t i s h  w o rk e rs , i t  s t i l l ;  
remains s u b s t a n t i a l l y  undisputed*  According to  t h e i r  c l a s s i f i c ­
a t io n , th e  r e a c t io n  between phenoxicte io n  and a l k y l  s u lp h a te s  
belongs to" c l a s s 'A 0 , ' be ing  f a c i l i t a t e d  by a c c e s s io n  o f  e l e c t r o n s
tit
to  th e  si&e-cfealn* This i s  not s t r i c t l y  c o r r e c t ,  as th e  e f f e c t
o f  e le c t ro n - d o n a t in g  s u b s t i t u e n t s  i s  in  e f f e c t  to  l o c a l i s e  the  
n e g a tiv e  charge on th e  p h en o l ic  oxygen atom '(Hodgson and Klxon, 
lo e * c i t  . ) •  I t  i s  seen t h a t  e le c t ro n - d o n a t in g  su b s t itu e n ts , e*g* • 
OHg, p-stlkoxy, a c c e le r a te  th e  rea ctio n  far le s s  than e l e c t r o n -  
a t t r a c t i n g  su b s t itu e n ts , e«g* m -alkoxy , 'K0o , - r e t a r d  i t  (c * f  *' th eid
f ig u re s  o f  Boyd e t  a l ,  lo-e# c i t *, fo r  th e  r e a c t i o n  between phenox-
****' w  .aarMHurfcium’mwj mmi..n*in'i wi.twawi
id s  Io n s  and e th y le n e  and p ropy lene  oxides).*' The re so n a n t
stru ctu res of th e  o - and p-nitrop& enols e f f e c t iv e ly  d is tr ib u te  the
negative charge over th e  whole m olecule due t o  th e  pow erful -X -X1
e f f e c t  of th e  I 0 o group# % e  e f f e c t  i s  much l e a s  pronounced w ith*£*
th e  KO  ^ group in  th e  met a p o s it io n , when.-the -X e f f e c t  only  i s  
involved.# As i s  in v a r ia b ly  the  case w ith  c l a s s  A‘r e a c t i o n s ,  th e  ■ 
+*T‘e f f e c t  of" alkoxy groups- f a r  outweighs-"the -X e f f e c t  in  the 
para  -position *  ' '
ffihnii,wiwiimninr
Shoifee (£#£*S# 1952, 1117) f i r s t  p o in te d  out t h a t  an arom atic  
s id e -ch a in  r e a c t io n  may in v o lv e  two r a t e - a f f e c t i n g  p h a s e s ,  one " 
phase be ing  o f each polar type# h a te r  on. Baker (Trans# Faraday 
Boo#- 1941, 57 , 6 5 2 ) 's tr e s s e d  the  need in  b im o leeu la r■re a c tio n s  fo r
*m  **** **  m a*m m
th e  ev a lu a tio n  o f  th e  e le c tr o n  -demands. in  th e  t r a n s it io n a l and
f i n a l  s t a t e s  as  w e l l  a s  in  th e  i n i t i a l  s t a t e  in  p r e d ic t in g  th e  
e f f e c t  o f  s u b s t i tu e n t s #  These s t a t e s  may be in d ic a t e d  as fo l lo w s *•
(~> S+ ©  ® V+ © <oj
— 0 CHj-SC^ Q— / ’““V- . O- CMj  ■
I n i t i a l  T ra n s itio n a l F inal
-he i n i t i a l  s t a t e  has a l re a d y  been d iscussed# Since the breaking
~ .S 7  •
o f  - t h e ' CL^-60^ bond r e q u i r e s  th e  i s o l a t i o n  o f  the- two n e g a t iv e  ■
charges on - the $0^ group# i t s  e l e c t r o n  req u irem en ts  a re  th e  sa n e -as
those  r e q u i r e d  for  th e  fo rm ation  o f  the, t r a n s i t i o n a l . state*' hence • '
th e re ,  can be 210 .dual c o n f l ic t in g  req u irem en ts  and th e  e f f e c t  o f  ' . '
s u b s t i t u e n t s  Euot ^be dsore c lear, cut th a n  when the e le c t ro n  demands
of th e  i n i t i a l  and  f in a l  " .s ta te s  a r e '  in  • opposition*., t h i s  i s  c le a r ly
i l l u s t r a t e d  by th e  complete invers ion : in  t h e , r a t e s  c f  r e a c t i o n  o f
the- p~halogenopfte&ol& W > Cl >! Br > X which i s  th e  o rd e r  o f  , t h e i r
.tautomeric e l e c t r o n  r e le a se  •(] In  only a fbw c a se s  has  complete
in v e r s io n  o f  th e  r e l a t i v e  r e a c t i v i t i e s  o f  p -h a lo g en o -su b st ltu ted
compounds been obse rved  in  c l a s s  A  reaction s*  ,, T h ese . a r e s -
( i )  ■ H y d ro ly s is  o f  benzyl ch lo r id es  in  aeneous a c e to n e  (O liv ie r#
•*?
fee* t-rav* e l i t e .  1900# -49# 697# 996: B ennett and «ones, J .€ .3*  1955# 
1915)# and th e  corresponding a lc o h o ly s i s  in  aqueous e th a n o l  (Cl> 
Br>.2} (O l iv ie r#  loe* c l t* } .
(11) ■ i i le o h o iy s is  o f  benayl bromides (F>.C1 ?  Br) (Shoesmith and 
JhjL&i or $ 1926 ,  214}*
wiuiitiW.a t.w w w .imM '
( i l l )  - H ydrolysis , o f  fi> -c h lo r o e th y l  su lp h id e s  (Cl> Br.JhX) (Ba&deley, 
and*Bennett# B.C.S. 1966# 261)#
« w m nm auutu .i law
Civ)' i in io iio tro p ic  change E.0,,!I #CH(0H) *0n*0IlHe —> •- - - 0 4
H.06a 4 *C!>ai#CH(Oll}hs (Braude and Stern# .9*0*0. 1937# 1096)*
(v) Reaction o f  xiltr oculor obengenes with s u b s t i t u t e d ' .a n i l in e s  
in  d i lu te  a le  olio 1 (01 > Dr > I )  (Links#. Per* 1923, 56, 848)*
'in a ct io n s  (I) -  Civ) are a l l  u n teo leeu lar  and have one r a te -  
c o n tr o l l in g  -step on ly , f a c i l i t a t e d  by e lec tro n  r e le a s e .  A s i l l i e r  
■order cou ld  be pred icted  fo r 'th e  u n teo locu lar  s o lv o ly s i s  o f
p-h&logeno • bensfeydryl h a lid e s ,  Cc.f* Baker# J*Q «£■♦ 1£3S> 11S0, who
stud ied  the , e f fe c ts ' of. ,.p»alkyl su b s t i tu e n ts  on th i s  re ac tio n ) . ,  
re a c t io n  (v) appears to  I s  the only case previously  reported  of * 
complete Inversion, o f the induct ive order o f  'the halogens In a 
blmolecular reaction* Although p -f lu c r o a n ilin e  was not included 
In t f l s  work there1 .is  no reason to doubt th at . i t ‘w i l l  f a l l  In to  
line*, .; The re ac t io n  may be ' form ulated*- '■ ■ ■
WOu
, . r A - a  +• h^ n- Q - x - >  ^ - C ) - ,  — > ^ - C h ^ - C r *  ^
w, w h S ' O ' *
As w ith  th e  sodium a lk y l  sulohat© -  phsnoxids io n  re a c t io n #  bo th
. . . .  . . . . .  ...................... IITB
s ta g e s  a r e  f a c i l i t a t e d  by e l e c t r o n  r e l e a s e  o f  th e  group X, ■ (a) th e
a t t a c k  ox tbo  amino 1 atom on th e  p o s i t i v e  n u c le a r  C atom# and
Cb) th e  r e l e a s e  o f  th e  n e g a t iv e ly  charged  €1 ion* .XI may b©
a n t i c i p a t e d  th a t  th e  rea c tio n ,  o f  .phenoxlde Ions w ith  n e u t r a l  a lk y l
s u lp h a te s # -a lk y l  h a l id e s #  - e th y le n e  o x id e s ,  e t c * ,  and the-
e s t e r i l l e a t i o m 'o f  a rom atic  e a rb o x y l ie  a c id s  w ith  a l k y l  s u lp h a te s  In
a l k a l i n e  .medium w i l l  also, show n .an ;in  v c r ie d  o rder  o f  r e a c t i v i t y  for
th e  p~laal oge.no-s u b s t I t u t e d  compounds* .■. fix© h a lo g en s  i n  th e  meta 
a r e  ; .
p o s i t i o n / a l l '  very much. th e  same- in  t h e i r ' e f f e c t s  upon the
r e a c t i v i t y ' o f ' the ' p a r e n t •compound, and In v a r ia b ly  an i r r e g u l a r
s e r i e s  i s  o b ta in e d .  . fh e  in d ic a t io n s  ■ a r e - ," t h a t  thoi th e  main
e f f e c t  I s  in d u c t  I  vo., . th e re  must be a s l i g h t  ta u to m e r ic  o f f s e t
superim posed .(Eaddeley, B e n n e t t ,  G ladstone and Jo n e s ,  *7*0 .$* 1935*
1827). . :. f f e i s ; i s  In  agreement w ith  th e  r e s u l t s  o b ta in e d  in  th e
presen t work ' sxm-Ol) * .. . ■_ : .: :,
; ,dfee inverted  order of . the .-p-halogeno#-sud>stltute& compounds i s  
to  be ibund also in  the d is so c ia t io n  constants o f the p-hslogeno . 
phenols, benzoic acids# .phenylacetie acids an^henylborlo ' ad d s*  
floe appropriate  figures, are ■ given in  .$able VI*---
fab le  ¥1
E a f io  &gUfcs^u»sub.s ^o r  P*&&log©no a c id s  i n  w a te r  a t  25*
( f ig u r e s  tak en  from! Dippy# Chra* Reviews, 1939, SB# 151)
**■ ^  A  *»• V  W»»c Witw» »■** ffasjrflfl' iWjWf ' ttOlVW
Acid . /  S u b s t i tu e n t
F . _ jxmwhHu i&mrv* o — nwt n»q> wftt *mn a mS i  M  ■ X
Phenol . . 0 .81 ; ' - 4*13 : 4*13 • 6*84
Benzoic a c id 1*15 1*68 \  1*71
Pheny I b o r ic  a c id  - " 1*83 ' 3 .20 3*68
Fhenylaeetl©  a c i d  • 1 • Iwl 1*52 1*33 ' 1*3$
P <L '■ ■/ ' !.
In  t h i s  easeS th e  predom inant in f lu e n c e  i s  the luesomerlc (+-M) p o rtio n
o f  the ta u to m e ric  e f f e c t  r e fle c te d , in  the resonance, o f  the m olecule
due t o ' a  c o n t r ib u t io n  o f  the q u in on o id .form, e.g# / = \
t  , /  \  " H‘! = w = oh .
t  C - ‘ ' ■ ............................' ■ ; ■
In .the case of. th e  'phenoxlde Io n ,  th e  p h e n o l ic  oxygen atom a l r e a d y -  
p o s se s se s  s i x  f r e e  e le c t ro n s " a n d  resonance  o f  t h i s  type  cannot be 
''•expected#: Tan only in flu en c e  the e f f e c t  can have' I s  to
p a r t i a l l y  n e u t r a l i s e  tb s  - I  - e f f e c t ,  - It.m ust# th e re fo re #  be th e  
. e lectrom eric  (+£) e f f e c t  acting- I n 'the t r a n s i t i o n a l  s t a t e  o f  th e  
pUenoxid© io n -a lk y l su lp h a te  r e a c t io n  th a t  i s  th e  main d r iv in g  
force# F u r th e r  e v id e n c e ' o f  th is  i s  o b ta in e d  by p l o t t i n g ..lo g 'I r f o r
• th e  re a c t io n ,  a g a i n s t . lo g  E . f o r  tfee e q u i l ib r iu m  f o r  th e  p^balogeno-# ^ t
/ '  ;
p h en o ls* ■ . The. f ig u re s  are. g iv e n • i n  f a b le  ¥11 and p l o t t e d  in  Or&ph 
X. Two m -halogeno-phenols- are in c lu d e d  In  the. t a b l e  fo r  \ 
comparison* .
v-(
f a b le  V II
#pt»aw»awKa*ca-«;^i * mo ci in— h  JM
R e la t io n s h ip between, logr, li and lo« k fo r  Haiogenonlionols'v *mm mUfM BBJI t  |I,V
S u b s t i tu e n t
tewt-fcaa.
lO10^BWft i.itiwwwfiftyitfiwij - 1 1 + log  E
tz■; ;10^c . 5 4 Xog k
■m 0* o2 0.5051 7*4 " 0*8692
p~P ■ 0 .26 ■0*4150" ", 7 .2 0*8573
. p-ox 1.32 ., x . i s o a 5 .45 0*7364
p»Br 1.55 ■ 1*1005 ■ 5*5 0*7243
■ P*X . 2 .1 9 ■1*5404 ’■ 5 .1 . ’ 0*7076
1.51 - - ' 4 .5
m^ CX 4 . SO 4 .2
** 'J £*k *" X i s  th e  d i s s o c i a t i o n 'c o n s t a n t .  i n  50;?$. e th a n o l  a t .  25° (B e n n e tt ,
Brooks and G la s g tb n e /  J .C .S * -1935'/; 1831)'*■ - --Since th e  r e l a t i v e  
d i s s o c i a t i o n  c o n s ta n te^olT&eids. a r e  g e n e r a l ly  indspendan t o f  . 
b o th  medium' and temperature# i t  i s  q u i te  periaisaibX a to  
compare r e a c t i o n  v e lo c i t ie s -  in  one medium' w i th  d i s s o c i a t i o n  
c o n s ta n ts  , i n  an o th e r ' medium -and a t  a d i f f e r e n t  tem p era tu re  . 
(Dippy, Chem# Keviews, 1959, 25, 151)* .
The graph  c l e a r l y  i l l u s t r a t e s  t h a t  whereas th e  p o in ts  fo r  th e
su b s titu te d  p heno ls  l i e  on a s tr a ig h t  l i n e ,  th e  p o in t  f o r  phenol 
i t s e l f  l i e s  c o n s id e ra b ly  above th e  l in e *  Eenee th e  f o r c e s  
produced by the halogen' su b stitu en t must .d if f e r  in  th e ir  e f f e c t  
on th e  rea c t io n -  c o n s ta n t  and on th e  equ ilibrium  co n s tan t*  This  
I s  r e a d ily  e itp la in ed  on the above reason ing*  Summing up we have: 
Forces a f f e c t i n g  eq u ilib r ium - c o n s ta n t  - I  + ii 
11 11 r e a c t io n  rf *X + B
I t  i s  obvious from f a b l e  VIX th a t '  th e  mete s u b s t i t u t e d  halogeno
iHBatmswesaB* ^
p heno ls  do n o t e x h ib i t  -any r e l a t i o n s h i p  between log  k and log  %* 
The e f f e c t  appears  to - o p e r a te  q u i t e  s t r o n g ly  from th e  meta 
p o s i t i o n  a s  shown by th e  c o n s id e ra b ly  lower a c i d i t y  o f  m -f lu o ro -  
p h en o i over t h a t  o f  x&»ehlor ophenol» whereas the- r e l a t i v e  v a lu e s  
fo r  th e  co rresp o n d in g  r a t e  c o n s ta n ts  in d ic a t e  on ly  a v e ry  f e e b le  
+E e f f e c t*  sXt has  a l r e a d y  been p o in te d  o u t by Dippy and Watson# 
(J*C*S* 1956# 456) t h a t  'e le c t ro m e r ic  e f f e c t s  can cause a d iverg*
tin r< wiii i .te iw ii BMW. • •
enee from th e  l i n e a r  r e l a t i o n s h i p  between lo g  k and lo g  K*
v ,  ■
The in f lu e n c e  o f  a lkoxy  i s  a s  a n t ic ip a te d #  I n  th e  ise.ta -
p o s i t i o n  th e r e  i s  a r e d u c t io n  in  r a t a  due t o  th e  -X e f f e c t #  th e
■ +T e f f e c t  be ing  la r g e ly  in o p e ra t iv e *  'There i s  no d if fe re n c e .
'between msihoxy and e th o x y *  In  th e  p a ra  p o s i t i o n  th e  +T e f f e c t
predom inates#  e thoxy in c r e a s in g  the  r a t e  to  a g r e a t e r  - e x te n t  th an
methoxy* T h is  i s ' i n  agreement w i th  th e  r e s u l t s  o f  B r a d f ie ld  and
Jones ( J #0 18£8# 1006) on th e  n u c le a r  p a ra  c h l o r in a t io n  o f
^ WL-nwuAWi w aa ra f
a n i s o le s  and p h en e to le s*  - The re a s o n  f o r  th e  o rd e r  p-CCHg <  
p~0C~f g I s  n o t obvious#- S ince th e  -X e f f e c t s  o f  p e t  boxy and 
ethoxy a re  equal,, th e n  • /> Tp^00:i . however# tfce+T
e f f e c t  o f  alley 1 groups (bo th  + M and *M) d e c re a se s  i n  th e  o rd e r
i s  capab le  o f  f a c i l i t a t i n g  e le c t ro ia e r ic  e l e c t r o n  r e l e a s e  by th e  
elkoxy oxygon a to m 'd u rin g  th e  fo rm a tio n  o f  t h e - t r a n s i t i o n a l
compl e x t M o
I t  i s  r a t h e r  remarkable t h a t  the in tro d u ctio n  o f  a. second 
methoxyl group in' the met a p o s it io n ' low ers th e  r e a c t i o n  ra te  much 
l e s s  th a n  flie in tro d u ctio n  o f  the  f i r s t *  - T h is  i s  in  c o n t r a s t  
with, th e  co m p ara tiv e ly  easy d im sth ylation  o f  re so ro ln o l w ith  
d im ethy l su lp h a te  (S lo t ta  and K eller#  Ber* 1930# 630# 3009) and the. * «**»»»*?** mfxiwe&xap
extrem e  d i f f i c u l t y  o f  tr im eth y la tin g  p h lo rcg lu e in o l by the .sam e • 
method. (Mannish# -Archives der Pharmaa ie ,  . , 242,  506% Maufhner#
J#PraIrt* ( *1808# 87(2}# 408}* / The combined e f f e c t  o f  two or
more n u c le a r  s u b s t i t u e n t s  on-benzene s id a -ch a in  r e a c t io n s  o f f e r s  
a f r u i t f u l  f i e l d  o f  study# which has  h ith e r to  been n eg leeted J J  
■ The o r th o - s u b s t i tu t e d '  p h en o ls  have been om itted from th e
jagpOfWiKiwinirinii iw  , _ . . . . .
above d is c u s s io n s  as  they  a re  a l l  s u b je c t  to  con sid erab le  e t e r ic  
hindrance* T his i s  in  co n tra st to  the r e s u lt s  o f  Boyd at a l .
-  mum m u  r  ii* twwMsw*
(loo# c i t * ) y  who d id  not f in d 1 a p p re c ia b le  s t e r io  hindrance- in  
th e ir  re a c tio n  o f  the phehoxi&a ion  w ith  eth y len e and propylene
oxides'- (ex cep t ' with, the .n i t r e  group)* ' fh e  e f f e c t  must be purely  
ap&eiaX as  th e  d is s o c ia t io n  c o n s ta n ts  o f  th e  o r th o -su b stitu te d
*- to**iw cw M im ifw it
phenols do not d i f f e r  a p p re c ia b ly  :from th o se  o f  th e  co rrespond ing  
g a r a - su b stitu ted ' phenols ('Dippy,' Evans, Gordon# Lewis and Matson, 
J#€*S* 1937, 1421)* This would-be m anifested  by a low ering  o f
W ttfw aw riM gn iw  ^  . .
th e  p r o b a b i l i t y  f a c t o r  P o f  the Arrhenius' -equation - due- to- the more- 
s t r in g e n t  o r i e n t a t i o n  o f  th e  m olecu les req u ired *
' - The p r e s e n t  r e a c t i o n  p ro v id e s  an. a d d i t io n  to  the l i s t  o f  - 
bensene s id e -ch a in  re a c tio n s  w hich 'obey th e  sim ple law
log  K -  log  K° + / J t f
where ^  re a c tio n  constant
? = s u b s t i t u t i o n  c o n s ta n t
1 - and.E0  ra te  con stan ts tor substituted-and.. .unsubstitu ted  
■:. r e a c t a n t s  r e s p e c t iv e ly * .; :
{Harriett# 11 P h y s ic a l  Organic Chem istry , n ,&c*Graw K i l l , .  le w T o rh ?  
1940, ,p*184j J* Atnep* Olio®* Boo* 1957, 59,. 96) . Us in*; Hammett1 s
- *' • r  ^ a awYWMnnww :m* wo*  Bn*as»»«H* • .os&asTS
valti.es o f  o ', v a lu e s  o f  / 0 have been, c a l c u l a t e d  and a re  g iv en  in  
f a b l e  ¥111* ■ ;i; \  ■'... , , .
’S a m s  v i i x  ■ , ■
C alcu lated  Values of ' for the E eaction  between; S u b stitu ted*DK
i..' 0 enoxi& e' Ions end Sodium Methyl S u lpha te
Substituent d_ A S ubstituent j r A
P*»5ji:i0 -0#268- 0*620 . p«*01 0*227 0*525 ’
p«*0i t^' ■—0*25 •.ess . p-Br . *232 -5 2 4
.—0*170 *584 . . . p-X ♦ 276 *505
Ok© -0*069 .725 ©-F ♦ 557 " *700 ‘
P*F 0*062 •{0*180} is-Cl *573 ♦ 658
. m-Ome *115 #791 m—i'iOg ’ *710 *640
in^OSt .15 '■ •ece n—0 P-*.v2 1*27 ’ {0*021}
(* an) = 0.842
fhe large dly<erjgenee of ; the--p*F and . phenols may. he due to
ex p e rim en ta l  <e r r o r  ,*» th<e former due to  the very small d iffe rence
i n  r a t e  between p - f lu o ro p h « n o l and uns’u b s t i t n t e d  p h e n o l ,  and th e  
l a t t e r  ..due . t o  th e  d i f f i c u l t y  o f  m easuring i t s  very  slow r e a c t i o n  
r a t e  w ith  :accuracy# • .,
w -  A  
• *  »
ALCTMTXO! WITH AEXTE SITEPr Cli:rr*X> C0ff£lff$8ATX01S
The r e s u lt s  reported  here show that the ra te  of, r e a c tio n  o f
sodium m ethyl su lphate w ith  hydroxi&@ and w ith  phenoxl&e io n s i s
o f  th e  same o rd e r  o f  magnitude# th e  former be ing  s l i g h t l y  f a s t e r #  
a l th o u g h  th e  r e v e rs e  i s  the. case  w ith  t h e  co rre sp o n d in g  r e a c t io n s  
o f  sodium e th y l  su lp h a te*  T h is  p ro v id e s  an exp lan ation  why 
b e t t e r '  y i e ld s  a re  o b ta in e d  in  m e tliy la tin g  w i th  .dimethyl su lp h a te  
when bo th  th e  d im ethy l su lp h a te  and th e  a l k a l i  a re  added In  sm all 
p o rtio n s a t a time ra th er than a l l  at once*. I t  i s  freq u en tly  
recommended t h a t  th e  r e a c t io n  mixture' ha a llow ed  to  become a c id  
a f t e r  each ad d i t io n *  (c*f* F ieser#  ^Experiments in  Organic 
Chem istry#51 h e a th  and Co*# U»S*A*# 1s t ed** p*373*) ' Owing t o  i t s
low s o lu b i l i t y  i n  water# th e  e f f e c t iv e  c o n c e n tr a t io n  o f  d im ethyl 
su lp h a te  rem ains  co n s tan t#  lienees~
I t  ' i s  th u s  d e s i r a b le  to  keep th e  hydrox ide  io n  con cen tration  as 
low as  p o s s ib le  ( ta k in g  i n t o  account th e .n e c e s s ity  t o  have enough
dim ethy l su lphate in  sm all amounts i s  not r e a l ly  e s s e n t ia l  provided
ac tio n #  v is*  m ethylation  w ith  th e  second m ethyl group# though t h i s  
does no t seem to  be g e n e ra l ly  r e a l i s e d *  The h ig h e s t  y ie ld s  
based  on th e  ise th y la tin g  agen t w i l l  be obtained  when th e  a lk a l i  i s
Kate of r e a c t i on with. OF&* i o n  
H ite  - o f  r l F c t l o n . w i th  oETTons 
a l k a l i  to  produce th e  phenoxlde ion)*  The a d d i t io n  o f  the
t h a t  th e  r e a c t i o n  m ix tu re .i s  n o t a llow ed  to  remain a c id  fo r  to o
long# when th e  a c id  h y d ro ly s is  w i l l  supervene*
The same c o n s id e r a t io n s  ap p ly  t o . t h e  second s ta g s  o f  th e  r e
ii
added slow ly  to  a f o i l in g  so lu t io n  o f phenol, and sodium methyl 
su lphato so th at the so lu t io n  i s  m aintained Ju s t  a lk a lin e  a l l  the . 
time*-"" . Furthermore# a d d itio n  o f  n eu tra l e le c t r o ly t e ’ w i l l  speed  
up the '.'reaction both by v ir tu e • o f  the, io n ic  e f f e c t . and a lso  b y : 
r a is in g , the, temperature o f  the re a c tio n  mixture# .though the e f fe c t '  
w i l l  not he o f  great magnitude* The' con cen tration  o f  phenol and 
m ethyl su lphate should obviously  he 'as h ig h  as p o s s ib le  to  g iv e  a: 
more'rap id  reaction * . • The use o f  sodium © ethyl - su lp h a te .and 
sodium hydro3d.de i s  to  he p referred  to  the use o f  the correspond­
in g  potassium  s a l t s  for  three reasonss ' (a) the s l i g h t ly  g r e a te r • 
ra te  o f-r e a c t io n  o f  the sodium s a l t s ,  Cb) the sodium su lphate  
produced i s  much more,, so lu b le .• than potassium  sulphate* the la t t e r  
would n o t ; o n ly ,c r y s t a l l i s e  ©ore-- r e a d i ly  from., the re a c tio n  s o lu t io n ,  
but in'doing,, so. .would- r e s u lt  ism a lower .ion ic- con cen tration  th a n ' 
o b ta in a b le .u sin g  the sodium s a l t s ,  and (e) the. c o s t  o f  .the sodium
Saechaftlsm o f ' m ethylatlon  by Freudenbergf s fcethod
The method (freudenberg, Asnaian, 1923#45-3,230) in v o lv es  the
Kum H'.iM'i w  niimmiii'H. «wr«aa»nWMiE
sim ultaneous h y d r o ly s is  and m eth y la tioa  o f  the phenyl aceta te*
In p ra c tic e ,, the a c e ta t e ' togeth er w ith  an e x cess  o f  dim ethyl 
su lphate are d is so lv e d  in  b o i l in g '© ethanol, and s tr o n g .sodium 
h ydroxide'so lu t io n  run in  ra p id ly  dropwise w ith  v igorous s t ir r in g *  
The method i s  p a r t ic u la r ly  su ita b le  fo r  p h lo ro g lu c in o l and i t s  
d e r iv a tiv e s  which g iv e  poor y i e l d s ■by. the' u sual procedure*
• . Tti© re a c tio n  can he' exp la in ed  by a- mechanism analogous to  the
a lk a l in e  h y d ro ly s is  o f  e s ters*  The g en e r a lly  accep ted  mechanism
s a l t s  i s . . l e s s  t h a n . t h a t  of-• the...notesslum s a l t s *
f o r  th e  a l \m l i n e  h y d ro ly s i s  o f  c a r b o x y lic 'e s te r s  in v o l v e s the . 
a d d i t io n  of. OH"* .ion to  ,th e  ca rb o n y l carbon atom a s  th e  r a t e *  
c o n t r o l l i n g  stop* f i l l s  may or may not "he preceded by the a d d i t i o n ’ 
o f  a w ate r  m olecule t o  produce,a n ;in term ediate com plex#.- .Shaefgen#
(J* ilmer* Chem* Soc* • 1948# VO# 1S08) lias produced evidence th at  
w ith  o rd in a ry  e s t e r s  t h i s  in te rm e d ia te  complex ' ig  formed# the
r e a c t i o n  b e in g  fo rm ulated ' i*
,«2> o
« _ ■,- - <s> «9 , rv ?  ^ “ / O
R - C - p R  +. o h ~  R ~ ?  4  O R  +  OH
H-oH ' OH H-OH “ * H
I t - i s  r e a d i ly -c o n c e iv a b le  t h a t  CK^-SO^-CE^ which i s  c o n s id e ra b ly
more p o la r  than H*OH (or H»OGH«) can rep lace  t h © ' l a t t e r  i n  theo o
in te rm e d ia te  complex to  - form ; r - c -  or ' : ; \tfce com p lete .
c H j - S C V C H ^
course o f  the , r e a c t i o n  b e ing  analogous to  ( I ) * . - , '  ,
O o ®  ■ ‘ '  ^  O ' Q
R - C - O R '  +  O H 0  S i-  R - C - O R '  5 ^  R - C  +  o r '  + S Y « j  #5>\
4 _ so„cS  . cHj-soHcHi i„  ch,
,fhus the free, phenol -or pfeenoxide i o n ’does n o t ’e x is t  at a i l  in  the ,
course  o f  the. reaction *  I t  is .  necessary .'to have a • large ex cess  
o f .d im ethyl sulphate, p r e sen t;to  f a c i l i t a t e  the fo rm a tio n  o f  th e
d im ethyl su lp h a te  «* e s t e r  complex* , P a r t  of th e  d im ethyl su lp h a te  
w i l l  bo l o s t  by r e a c t i o n  w ith  hydroxide., io n ;  th e” more d i f f i c u l t -  th e  
e s t e r  I s  t o  hydro lyse*  t h e :g r e a t e r  t h i s  .p r o p o r t io n 'w i l l  be*
Hence h o t t e r ,r e s u lt s  can :b© a n t i c i p a t e d  u s in g  th e  a c e t a t e  o f  th e  
phenol -ra th er th a n  (say), th e  benzoate* .-
..#»  37 ~
tVrrJTlY I
1* The b im o lecu la r  n a tu re  o f  th e  r e a c t io n  between. Eionoallcyl |
su lp h a te  io n  and hydroxide io n  i s  confirmed# its a n t i c i p a t e d  ' "|
f o r  a r e a c t i o n  between ions  o f  l i k e  charge th e  v e l o c i t y  o f  th e  ‘ |
■ ■ ■ . . • I
r e a c t io n  in c r e a s e s  w ith  in c re a s in g  • io n ic  c o n c e n t r a t io n  i n  th e  j
r e a c t i o n  medium# ’ " j
2* K in e t ic  e x p re s s io n s  have been d e r iv e d  f o r  two s im ultaneous  j
•  '  j !
second o rder  r e a c t io n s  i n  which one r e a c ta n t  - i s  common to -b o th  •
r e a c t io n s  and th e  c o n c e n tr a t io n s  o f  th e  o th e r  two d i f f e r  w idely# j|
............................................... "'  - I
3# The d e r iv e d  k i n e t i c  e x p re s s io n s  have been a p p l ie d  to  th e  ■ r e a c t  lea;;
. . . . . .  . . . . . . .   ^ . : - .. . . . .  - - - ■ . ■■
between monoalkyl s u lp h a te  io n  a n d 'phenoxi&e io n  i n  which th e  j
>  ■ •  i j
r e a c t io n  o f  th e  form er w ith  hydroxide io n  p roceeds, s im ultan*  ’ ' \
eously#  .The b lm o lee u la r  n a tu re  o f  th e  r e a c t i o n  i s  confirm ed 
and  th e  v e l o c i t y  in c r e a s e s  w ith  in c r e a s in g  io n ic  c o n c e n tra t io n #
4* The v e l o c i t y  o f  bo th  r e a c t i o n s  I s  g r e a t l y  reduced  on p a s s in g  
from methyl to  e th y l  s u lp h a te ,  th e  m ag n itu d e .of-th©  d ec re ase  
. b e in g  o f  th e  same o rd e r  a s  t h a t  produced on s u b s t i t u t i n g  e th y l  
h a l id e  f o r  m ethyl h a l id e  i n  t h e ;c o rre sp o n d in g  r e a c t io n s  w ith  !
..hydroxide and phenoxl& e.ions#
5*The e f f e c t  o f  s u b s t i t u e n t s  In  ttie  phenol n u c leu s  i s  i n  t h e '
: a n t i c i p a t e d  d i r e c t i o n ,  e l e c t r o n - a t t r a c t i n g  s u b s t i t u e n t s  d e c r e a s e |  
in g  th e  v e l o c i t y  and e le c t ro n - d o n a t in g  s u b s t i t u e n t s  I n c r e a s i n g ;
. i t *  . S u b s t i tu e n t s  i n  th e  or th o  p o s i t i o n  ..exhibit a  p ronounced” 
s te r . i e  e f f e c t#  JSammett1 s e x p re s s io n  log  IS - log  E° + /° G |
h as  been t e s t e d  fo r  a wide range  ■ o f  s u b s t i t u e n t s  and a c o n s ta n t  J
‘ v a lu e  o b ta in e d  f o r / 0 ♦ The mechanism' o f  th e  r e a c t i o n  i s  |
d iscu ssed #  !
The d e te rm in a t io n  o f  the  v e lo c i ty  c o e f f i c i e n t s  i n  bo th  th e  
h y d r o ly t ic  and met lay l e t  Ion r e a c t io n s  a t  a s e r i e s  o f  tem per­
a tu re s  would be d e s i r a b le  from th e  p o in t  o f  view, of  e v a lu a t ­
ing  th e  pa ram ete rs  o f  th e  A rrhen ius  equation*  • T h is  o f f e r s  
r a t t e r  c o n s id e ra b le  ex p e rim en ta l  d i f f i c u l t i e s  owing to  - th e  • 
a l re a d y  slow v e l o c i t y  a t  ICO0 * ■
The r e s u l t s  o f  Hodgson and lllxon who de te r . . in se t th e  y i e l d  o f  
a r t iso la  produped b y ‘r e a c t in g  d im ethy l e u lp tu te  'w ith a s e r i e s  
o f  s u b s t i t u t e d  pheno ls  under s ta n d a rd  c o n d i t io n s  are 
m islead ing*  Owing to  th e  s u p e rp o s i t io n  o f  two r e a c t io n  
mechanisms th e  y ie ld s  o f  anisole. ...are. n o t a t r u e  measure o f  
th e  r e a c t i v i t i e s  o f  tho v a r io u s  phenols*
The. normal procedure  fo r  th e  in o tb y la tio n  o f  p heno ls  w ith  
d im ethy l s u lp h a te  i s  d iscussed*
ii mechanism i s  p roposed  f o r  th e  me t h y l a t i o n  o f  pheno ls  v ia  
th e  a c e t a t e  by th e  method o f  Freu&enberg*'
; m m ,  s w m
The method u se d  was b ased  e s s e n t i a l l y  on t h a t  g iven  by Cohen# 
P r a c t i c a l  O rganic Chemistry# l&cmill&n* 1920,pSO* The h y d ra ted
s a l t s  were f u r t h e r  d eh y d ra ted  to  th e  anhydrous s a l t s * : (c»f»
I l l in g w o r th  and Howard, PM jUjBig* 1884, 18, 123*) • 
P o ta s s ln m m e th y l ' su lpha te*
“" n 1        ....... . | (fru'iMipjiif >1">iriMfwiiiHBinii>ni'iluTrLHMiK>gm<twnio*iii
I40g {174ml) a b s o lu te  m ethanol and  lODg (54ml) co n e♦s u l p h u r i c ■
a c id  were mixed w ith  c o o l in g  in  a  1000ml R*B* f l a s k  and r e f lu x e d  
on a w ater b a th  fo r  5 hours* The m ix ture  was c o o le d ,  poured  i n to  
1000ml- c o ld  w a te r  arid n e u t r a l i s e d  by a d d i t io n  o f  a  .smooth past© . 
o f  ca lc ium  c a rb o n a te  (JUB*) I t  was then  brought to- th e  b o i l  
and f i l t e r e d  on th e  pump* T o ■th e  warm s o lu t io n  was added & 
s a tu r a t e d  s o lu t i o n  o f  po tass iu m  ca rb o n a te  (A«$U) i n  sm all 
q u a n t i t i e s  w i th  s t i r r i n g  u n t i l  on© drop j u s t  caused  no p r e c i p i t a t e  
o f  ca lc ium  c a r b o n a t e t o  form* The ca lc ium  ca rb o n a te  was 
f i l t e r e d  o f f  and th e  aqueous s o lu t io n  c o n c e n tra te d  on th e  w a te r  ' 
b a t a  u n t i l  c r y s t a l l i s a t i o n  commenc©d * The p ro d u c t was f u r th e r
d r i e d  In  vacuo f i r s t  over- ca lc ium  elilorid© th e n  over cone* 
s u lp h u r ic  a c id  and f i n a l l y  over phosphorus p en to x id e  to  c o n s ta n t  
weight* I t -w a s  w hite  c jd ry s ta l i in e  powder*
9Sg o f  p ro d u c t  .was o b ta in e d  c o n ta in in g  91*3$ CH3S04£ (56$ o f  
th e o ry ) .
732g (920ml) a b s o lu te  m ethanol and lOOOg (540ml) eono* 
s u lp h u r ic  a c id  were r e f lu x e d  and t r e a t e d  w ith  calcium , ca rb o n a te  
a s  d e s c r ib e d  above* . To th e  warm s o lu t io n  o f  ca lc ium  m ethyl 
s u lp h a te  was slow ly  added a s o lu t io n  o f  sodium c a rb o n a te  (JWB*)-
(4O0g. i n  1400ml w ater) , u n t i l  a  t e s t  p o r t i o n 'o f  th e  f i l t e r e d ' ^ ' ...
s o lu t io n  j u s t  gave n6 opalescence, w i th  sodium ca rb o n a te  so lu t io n *  
The s o lu t io n  was f i l t e r e d  a t  the pump and c o n c e n tra te d  to  2000ml 
i n  a  $ lim bing  f i lm -e v a p o ra to r  ( tem p era tu re  o f  d i s t i l l a t i o n  
45*55 6)# f i n a l l y  be ing  f i l t e r e d  (Whatman Ho*- '4 pap e r  ) t o  remove 
p r e c i p i t a t e d  ca lc ium  c a rb o n a te  and su lpha te*  I t  was th e n  
c o n c e n tra te d  f u r t h e r  to  a  t h i c k  syrup on th e  w a te r  b a th  and th e  
b u lk  o f  the  re m a in in g  w a te r  removed in  vacuo f i r s t  over calcium  
c h lo r id e  and th e n  over c o n e * su lp h u r ic  acid* ' I t  was ground to  a '  
f in e  w h ite  amorphous powder i n  a  m orta r  and d r i e d  f u r t h e r  to  
c o n s ta n t  weight i n  vacuo over phosphorus pen tox ide*
Two p r e p a r a t io n s  were c a r r i e d  o u t ;  (a)  u s in g  th e  above 
q u a n t i t i e s *  69 ig  o f  p ro d u c t  was o b ta in e d  c o n ta in in g  94*l)f 
CH^SO^Ha (47% o f  th e o ry )*  and (b) u s in g  lOOg o f  bo th  m ethanol ' 
and cone* s u lp h u r ic  a c id  75g o f  p ro d u c t was o b ta in e d  c o n ta in in g  
.94*8$ CH3S04Ba (45$ o f  th e o r y ) .
Sodium e th y l  s u lp h a te  *•. '• •iliw ilil li»m...in-ii.iin I i T1 | u n ( 1 giniii, , r  , |i!-| -numf
This-w as p re p a re d  e x a c t ly  as  d e s c r ib e d  fo r  p o ta ss iu m  m ethyl 
s u lp h a te  u s in g .I4 0 g  o f  99% e th a n o l  and sodium c a rb o n a te  in  p la c e  
of  m ethanol and  p o ta ss iu m ’ c a rb o n a te  r e s p e c t iv e ly *  The p roduct
Jwas ..a w h ite  ..amorphous .powder* 95g o f  p ro d u c t was .ob ta ined  - 
_con ta in ing- 93*8$ CgHgSO^la {660 o f . th e o ry } * ' *. / “
■' T m  ■ AflALYS IS' OF mJlTMAiMlh STKZHATES : • '' •'' •' .'' ’ ■
. The. m e ta l  a l k y l  su lp h a te s  prepa red  as ab ove' were - n eu tra l t o  
phenolphthaleln  ami co p l a t e l y  s o lu b le  In  w ate r  to  g ive  a c l e a r  
so lu t io n *  -Addition o f ^ d i l u t e  h ydroch loric  a c id  gave a s l i g h t  
e fferv escen ce  showing th e  p resen ce  o f a  t r a c e  o f . carbonate* , The 
a c id  s o lu t io n  gave-a  s l ig h t  tu r b id ity  w ith  barium c h lo r id e  
s o lu t io n  I n d ic a t in g  th e  presence o f  sulphate* The p u r if ic a t io n  
o f  the p r e p a r a t io n s  by rec&ryst&1 l i s a t io n  "from a lco h o l e l im in a te s  
th e s e  im p u r i t i e s - b u t  i s  d i f f i c u l t  i n  the ■ laboratory "on a la rg e  
s c a le  owing t o  th e  la rg e  volumee o f  a lc o h o l  req u ired *  S ince th e  
ca rb o n a te  c o n te n t  was n o t g r e a t e r  th a n  0 *5 $ i n  a l l  e a se s  I t  
c o u ld  be ig n o re d  and th e  t o t a l  I m p u r i t ie s  allow ed  f o r  by a 
q u a n tita t iv e  determ ination  o f  th e  a l k y l  s u lp h a te  co n ten t*  
D eterm ination .o f  th e  c a rb o n a te  p re se n t*
.. l«QGg of. th e  sample was w eigh ed -in to  a sm all c o n ic a l f la sk *
6m 1  H/lO hydroch loric a c id .a d d e d  and  t i t r a t e d  w ith  s ta n d a r d  ll/lO  
sodium hydroxide to  phenolphthaleln* ' The d i f f e r e n c e  between t h is  
t l t r e  and a  b la n k  t l t r e  gave the  e q u iv a le n t  o f  c a rb o n a te  present 
i n  th e  mmple*; - The r e s u l t s  a re  g iv e n  in  th e  fo llo w in g  ta b le*
M e ta l " a iky I  sulphate '' .Wt* tak en  
(«}
13/10 laOH Eqaiv.
/c a rb o n a te ;  as  
p re s e n t  (ml) IJagCO*
■ ....  (mg) - °
tff/Q
»aaC03
Sodium m ethyl %' / "  ' 1 1*00 . . 0*7 - ' 3 .7  ■ 0 .3 7
* ■ ir 11 1.00 0 * 3 5 \ 1*85 ;; /  0 .1 9
Potass ium  m ethyl 1 .00 ■6*7 . ■ 4 .9 s .0 .4 9 *
.Sodium e th y l 1 . 0 0 ■' 0*95 5 .0 0 .5 0
: as- .
B eterm lm tion  o f  a lky l sulphate*
•' The method employed depends on th e  quant i t  a t  lire a c i d  .. •
h y d r o ly s i s  o f  th e  s u lp h a te  and the ' d e te rm in a t io n ,  o f- 'the  ac id -  ' 
p roduced  a c co rd in g  to  t h e ;,e q u a | lo n ’ t
■ ' f t  t S O g f t n  +  H * O H  — v >  3$ * 0 1 1  +* I l S O ^ l i a  j
The c o n d i t io n s  g iv en  b f  B urton  and Byrne (1* In te r n a t*  See*
L ea th er  Tracies OheitBlstSjt 1046# 30# 606 j  in v o lv in g  h o i l i n g  f o r  
I hour w ith  M S u lp h u r ic  a c id  were t r i e d  w ith  sodium m ethyl sulphata; 
The' low f  ig u re  "obtained" {46# ) in d ica te d  incom plete
hydrolysis# . T his  was s u b s t a n t i a t e d  exp erim en ta lly  and b f  the  
f ig u r e s  o f  B esse ign e {Mem*. Serv> Chlm* l.’E ta t# 1944# 31# 347}# j 
who showed t h a t  th e  speed  o f  a c id  h y d ro ly s is  o f  members o f ■ th e  
homologous s e r i e s  o f sodium a l k y l  s u lp h a te s  p a s se s  th rough  a ' j.
.minimum a t  Cg* Only when d ecy l su lp h a te  i s  reached i s  1 hourf s I! 
h y d ro ly s is  w ith  1 a c id  s u f f i c i e n t  to  ach ieve  com plete h y d r o ly s i s ,  ! 
hence B urton and Byrne’ s method a p p l i e s  only  to  the h ig h e r  members* 
Desselgne d id  no t i n v e s t i g a t e  th e  m ethyl su lp h a te  hu t showed tfcsrt j
* »  43 »
over 4 hours  * h y d r o ly s i s •w ith  B a c id  a t ■100° was n e c e s s a r y .f o r  
complete h y d ro ly s is  o f  th e  e t h y l  su lp h a te*  I t  was though t 
p r e f e r a b le  to  i n c r e a s e •the  c o n c e n t r a t io n  o f  t h e <a c id  r a t h e r  than  
ex ten d  th e  t i n e  o f  h y d ro ly s is*  The r e s u l t s  in d i c a t e  th a t  
h y d r o l y s i s .o f  b o th  m ethyl and e t h y l ' s u l p h a t e s  i s  v i r t u a l l y  
com plete w i th in  5 hours  a t  10( f  in  th e  p resen ce  o f  01 s u lp h u r ic  
a c id .
le t i to d .  1 to  l*8g o f  th e  s t a p l e  was weighed a c c u r a te ly  by 
d i f f e r e n c e  froia a s to p p e re d  w eighing b o t t l e  {the lower sodium 
a l k y l ' s u l p h a t e s  a re  very  hyg roscop ic )  in to  a 250ml s ta n d a rd  j o i n t  
' E.B* f la sk # '2 5 m l 3 !  s u lp h u r ic  a c id  added and th e  m ix tu re  re flu x ed  
v ig o ro u sly  over a  w ire gauze fo r  3 hours  or more* H eating  was 
•discontinued# th e  condenser washed down w ith  a l i t t l e  d i s t i l l e d  
w ater#  th e  m ixture  co o led  and t i t r a t e d  w ith  s ta n d a rd  M/2 sodium 
hydroxide - to  phenolphthalein# . & b lank  determ ination  was c a r r i e d
out s im u ltaneous ly*  the d i f f e r e n c e  between th e  t e s t  and b lank  
l i t r e s  r e p r e s e n t in g  th e  a c id  produced by th e  sample* A c o r r e c t ­
ion  was a p p l ie d  f o r  th e  a c id  u sed  up by th e  ca rb o n a te  p re se n t*
A ll r e s u l t s  a re  based on the mean o f  two o r  more d e te rm in a t io n s*  
R e s u l t s .
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' flie  re q u ire d  amount o f  anhydrous m etal, a lk y l  s u lp h a te  was 
weighed r a p id ly  i n to  a ■beaker  and t r a n s f e r r e d  w ith  C0o -  f r e e
V - . - " fop
w ater t o ' a  graduated f l a s k * / . fhe r e q u i r e d  v o lxmm o f  ca rb o n a te - . 
f r e e  a lk a l i  .solution., ( io te  D  was added e i t h e r  by p i p e t t e  o r ■ • 
b u r e t t e  and th e  g o lu t i o n ' mad© up' to  volume w ith  COg-fre© water*
10ml a l i q u o t s  were p i p e t t e d  in to  8 x  l !t b o i l i n g  tubes  - Clot© 2) 
w ith  widened f la n g e s  which- enab led  th e  tu b e s  to  be su p p o r ted  on 
a p e r f o r a te d ;m e ta l  sheet*  .foe tu b es  were c lo se d  w ith  rubber 
s to p p e rs  f i t t e d . w i t h  bunsen valves*  ; f t i e y  were th e n  immersed enp" 
masse i n t o , a  .b o i l in g  w ater  b a t h ' t h e  l e v e l  o f  w ater  i n  which was- - 
m a in ta in e d  b y  a constan t-  l e v e l  d ev ice  a t  1-J~8?I above th e  l e v e l  o f '  
th e  l i q u i d  in  th e  tubes*- . A f te r  10 m inutes h e a t in g  ' fEero tim e) 
( I o t e - 3) ■ and' th e n  a t ' d e f i n i t e  i n t e r v a l s  tubes  were, withdrawn and 
im m ed ia te ly . I  ^ s e d  in  ru n n in g  co ld  water* . When q u i t e  c o ld  th e  
c o n te n t s - o f - th e  tu b e s  were t i t r a t e d  w ith  s ta n d a rd  .H/s 1101 t© 
p h e n o lp h th a le in  (lot© 4)* ■
l o f e  1* C a rb o n a te - f re e  -sodium: fey dr ©.Kid© was p re p a re d  by th e .
•B *N iw <»W »»e»b«aertew  • • ■ - • '  V  •*• ■ V  j
•- ' • ’ i
method g iven  by B r i t to n #  Hydrogen Ions# Chapman'and H all#  1952# ' j
- - I
p32*., The c a r b o n a te - f r e e  po tass ium  hydrox ide  was p re p a re d  by |
1 ■ . 1 ! 
d i s s o lv in g  84g JUlU EOH p e l l e t s  i n  280ml CO^-free water* I<’"4 :
I o t e  2* . S o f t  g l a s s  b o i l i n g  tu b e s  were found to  be u n s a t is fa c to r y i
iw tfimii ’winnwnw ^  i
I'\
as a f t e r  s e v e r a l  hours' h e a t in g  th e  bottom s te n d ed  t o  drop out* j
Iq  t r o u b le  was en c o u n te red  with feonaac or F yrex  brand b o ilin g  tu b es!I
** %"i ' **
m'" *? > ' . ■  ' , | 
-\7 ,1he t i t r e  o f  1? BaGti rem ained unchanged In  e i t h e r  tube  (10ml I
/  ■ i : -7 ' \  ■ ■ ■ ■ ■ ■ !i
/  ^ X t q u o t s  t i t r a t e d  w ith  M/2 l£Ol to  p h e n o lp h th a le in )  / a f t e r  I  h o u r1® |
7/ /h e a t in g  a t  100° ,  th e s e  c o n d i t i o n s ' feeing more se v e re  th an  encountered;
; /■ ■ . :j  e x p e r im e n ta l ly * Thus any d i s s o lu t io n  o f  th e  g l a s s  by t h e ■a l k a l i
■/ ■ : . : / can he neg lec ted #    j
/•■/ Rote 5# A thermometer .p laced ' i n  th e  r e a c t io n '  m ix tu re  i n d i c a t e d .j  n-wi*** ewmgi a n  : *•. . |
t h a t  7 -8  m inutes .was r e q u i r e d  from th e  time o f  th e  in v e r s io n  o f ” th e  
■ r e a c t io n  tu b e s  i n  th e  w ater b a th  fo r  - th e  r e a c t i o n  m ix tu re  to  a t t a i n  I 
th e  maximum' temperature#- • ... 7: ", . |
l a t e  4« measurements a t  each tim e i n t e r v a l  were c a r r i e d  out [
u s u a l ly  i n  d u p l ic a te  and a t  zero  tim e u s u a l ly  In  t r i p l i c a t e * '  ' I n  |
th e  t a b u la t e d  r e s u l t s  only th e  mean f i g u r e s  have been 'g iven# |
DRTAXIED RESULTS W E TM RJiTE OF KEiiCflOl BEThEBM * ^InL |
MJQCL SCTMPBATOS’ AMD RTi^ rOXXDM XOMS ' ;j
' ■ ' . -. ‘ h
The symbols used  have th e  fo llo w in g  meaning: ' . . * |
« b im o le c u la r  r a t e  co n s tan t*  |
.; ' f|
a * i n i t i a l  c o n c e n t r a t io n  o f  a l k y l  s u lp h a te  and hydrox ide  Ion* 
x -s amount ■ o f  p roduct, fo rm e d -a f te r  t ,  m inutes* p !
The c o n c e n t r a t io n s  have been c o r r e c te d  f o r  f l ie  expansion  o f  j
w ater from room tem p era tu re  (20“approx*)■ to  100* The c o e f f i c i e n t ' /
. . ’ . ■ .\t
■ * !
o f  exp an s io n  o f  w a te r  has been ta k e n  a s  0*207 x IQ~° (Handbook o f
Chem istry and P hysics*  Chemical Rubber Fub#Co.» C1eve land  $ Ohio»
30th ed*> pl7S5)* - Hence th e  t r u e  volume o f  th e  r e a c t i o n  m ix tu re
-  10(1 + 0*000207 x  80) * 10.17ml* '
.8
Experim ent 1A.
Rate o f  R e a c t io n  o f  CH^SOANa w ith  NaOH 
N orm ality  o f  4N NaOH = 0 ,9 9 1
Sodium m eth y l s u lp h a te  -  P r e p a r a t io n  I I  -  P u r i t y  9 4 .1 $
I n i t i a l  r e a c t i o n  m ix tu re  : 25 .25m l 4N NaOH \
1 4 .2 5 g  CH3 S04 N a | i n  200ml
[NaOH] = 0 .5 0 0
[GH3 S0 4 Na] = 0 .5 0 0
Time
(mins)
0
30
65
105
150
200
255
315
380
Ml N/2HC1 = 
R e s id u a l  NaOH
9 .8  - 
9 .1 5
8 . 5
7 .8  
7 .2 5
6 . 6
6 .0 5
5 .6  
5 .1
a
0 .4 8 2
(a -x )
1  x 
kl= 601 a(a-x)
0 .4 5 0  0 .0 3 2  8 .2  x 10
0 .4 1 8  0 .0 6 4  8 . 1
0 .3 8 3 5  0 .0 9 8 5  8 .5
0 .3 5 6 5  0 .1 2 5 5  8 .1
0 .3 2 8  0 .1 5 4  8 . 1
0 .2 9 7 5  0 .1 8 4 5  8 . 4
0 .2 7 4  0 .2 0 8  8 .3
0 .2 5 1  0 .2 3 1  8 . 4
- 5
Mean 8 . 3  x  10
-5
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Experiment IB
Rate o f  R e a c t io n  o f  CH^SO^Na w ith  NaOH
N orm ality  o f  4N NaOH = 1 ,0 0 0
Sodium m ethyl s u lp h a te  -  P r e p a r a t io n  I  -  P u r i t y  9 4 .8 $
I n i t i a l  r e a c t i o n  m ixture  : 6 2 .5 m l.  4N NaOH )
3 5 .3 6 g  CH3 S04NaJ in  250ml
[NaOHl = 1 .0 0 0
PH3S04Na] = 1.000
1 x
Time Ml N/2H01 5  a (a -x )  x  k 1 -  60"t a ( a - x )
(mins) R e s id u a l  NaOH  o ______  _____ _______________
0 1 8 . 4 0 .9 0 4 - -
20 1 6 . 4 « 0 .8 0 6 0 .0 9 8 1 1 .2  x 10
40 1 4 .8 5 n 0 .7 3 0 0 .1 7 4 1 1 .0
60 3.3.4 n 0 .6 5 9 0 .2 4 5 1 1 . 4
80 1 2 . 2 tt 0 .6 0 1 0 .3 0 3 1 1 . 6
100 1 1 . 4 T 0 .5 5 9 0 .3 4 5 1 1 . 4
120 1 0 . 5 tt 0 .5 1 6 0 .3 8 8 1 1 .5 5
150 9 . 5 i i 0 .4 6 7 0 .4 3 7 1 1 .5
180 8 . 7 tt 0 .4 2 6 0 .4 7 8 1 1 .5
240 7 .5 ti 0 .3 6 9 0 .5 3 5 1 1 .1
Mean 1 1 .4  x 10~^
t* y\
Experim ent 1C
Hate o f  R e a c t io n  o f  CH^SO^Na w ith  NaOH
N orm ality  o f  4N NaOH = 0 .9 8 5
Sodium m eth y l su lp h a te  -  P r e p a r a t io n  I I  -  P u r i t y  9 4 ,1 $
I n i t i a l  r e a c t i o n  m ixture  : 25 .4m l 4N NaOH \
1 4 .2 5 g  CH S04NaJ in  100mlo
[NaOH] = 1 .0 0 0
[CH S04 Na] -  1 .0 0 0
• " " ' ' ■ : 1  . x
Time Ml N/2HC1 E a (a -x )  x  k-« = 60 t a ( a -x )
(mins) R e s id u a l  NaOH _  ■ ______'   •
0 1 8 .8 0 .9 2 5 - -
2 0 1 6 .7 n 0 .8 2 2 0 .1 0 3 1 1 .3
44 1 4 .7 5 tt 0 .7 2 4 0 . 2 0 1 1 1 .4
74 1 2 .9 5 tt 0 .6 3 6 0 .2 8 9 1 1 . 1
107 1 1 .3 5 tt 0 .5 5 8 0 .3 6 7 1 1 . 1
146 9 .8 tt 0 .4 8 2 0 .4 4 3 1 1 .3
190 8 .2 5 tt 0 .4 0 6 0 .5 1 9 ( 1 2 . 1 )
240 7 .6 tt 0 .3 7 4 0 .5 5 1 1 1 . 1
Mean 1 1 .3  x 10"®
R ate  o f  R e a c t io n  o* CHgSO^Sa w i t h  BaCfi
/ B o r ia a iity  o f  4S SaCE = ©JS455
S o d lu s  m ethyl s u lp h a te  * P r e p a r a t io n  I I  -  P u r i t y  9 4 .1 ^
I n i t i a l  r e a c t i o n  m ixture  s 3 9 .6 7 a il  41 KaOII )
21.37g CHaS0 4HaJ in  1 0 0 ®!
. ' : [HaCH] ■ *1.500
: : . .. . ta is S04 Ba>1.5G0
l im e  M1 U /2 JC1 H a  ( a - x )  x  . Jtl<t V  s
(tains) r e s id u a l BaOH’ " ■ J _  "fe’f  aT»-x~)
0  . 2 7 .5  1 .8 6 3 '  * '
10 ' 2 5 .1  " 1 .2 3 5  0 .1 1 8  ( U . 8 ) x  1 0 “ 5
. 25. . 2 1 . S " 1 .0 7 1  0 .2 8 2  1 3 .0  ‘
40 1 9 .3  " . 0 .9 5 0  0 ,4 0 3  1 3 .1
60   ......... 1 6 .9 5 ..........    " ......0 .8 3 4 -  ■ 0 .5 1 9  ■ 1 2 .3  -
85 ' 1 4 .3 5  ■ * 0 .7 0 5 5  0 ,6 4 7 5  5 1 3 .3
110 .. ' 1 2 .4 5  V  ■" 0 ,6 1 2 5  . 0 .7 4 0 5  ' 1 3 .5
1 4 5 : ' .  : . 1 0 ,7 V ; ■ " ■ 0 .5 2 6 5  0 .S 2 6 5 _____1 3 .5 ________
■ Bean : 1 3 .2  % 10“ 5
E xperim ent 2 .
Rate o f  R e a c t io n  o f  CH3 SO4 K w ith  KOH
N orm ality  o f  4N KOH •  0 .9 6 5
P o ta ss iu m  m eth y l su lp h a te  -  P u r i t y  91.3%
I n i t i a l  r e a c t i o n  m ixture  : 25 .9m l 4N KOH 1
1 6 .4 5 g  CH3 SO4 K] i n  lOdml
[koh] * 1 . 0 0 0
[ch3 s o 4 k] = 1 . 0 0 0
' •  1  X
Time ML N/2HC1 g a . (a-x) x kj. -  M t ala*x)
(m ins) R e s id u a l  KOH  ___  _____________ _  V
0 1 8 .  8  0 .9 2 4  «• • •  «*
20 1 6 .7 5  * 0 .8 2 4  0 .1 0 0  1 1 .0  x  10* 5
44 1 4 .8 5  " 0 .7 3 0  0 .1 9 4  1 0 .9
74 1 2 .9 5  « 0 .6 3 8  0 .2 8 6  1 0 .9
107 1 1 .1 5  * 0 .5 4 8  0 .3 7 8  1 1 .6
146 9 .8  " 0 .4 8 2  0 .4 4 2  1 1 .3
190 8 . 4  « 0 .4 1 3  0 .5 1 1  1 1 .7
240 7 .6  0 .3 7 4  0 .5 5 0  1 1 .1
Mean 1 1 .2  x  10**5
E xperim ent 5 .
Rate o f  R e a c t io n  o f  C2 H5 S04Na w ith  NaOH
N o r m a lity  o f  4N NaOH = 0 .9 8 9  "
Sodium e t h y l  su lp h a te  •  P u r i t y  95.8%
I n i t i a l  r e a c t i o n  m ix tu re  : 50*6ml 4N NaOH \
3 2 .9 0 g  C2 H5 S04 Na] i n  200ml
[NaOHl = 1.000
[C2H5S04Na] - 1.000
_  ' 1  X
Time Ml N/2HC1 5 a (a -x )  x  ^ 1  = a (a-x5
(m ins) R e s id u a l  NaOH ___  . ■ -   . _____________
0 1 9 .6 5  0 .9 6 6  -  -  . •
20 1 9 .3 5 tt 0 .9 5 1 5 0 .0 1 4 5 (1 .3 1 !
60 1 8 ,9 5 tt 0 .9 3 2 0 . 0 3 4 1 . 0 7
100 1 8 . 5 w 0 .9 1 0 0 .0 5 6 1 . 0 6
140 1 8 . 0 5 tt 0 .8 8 8 0 .0 7 8 1 . 0 8
180 1 7 . 8 tt 0 .8 7 5 0 .0 9 1 1 . 0 0
220 1 7 . 3 tt 0 .8 5 0 0 .1 1 6 1 . 0 7
260 1 7 . 0 tt 0 .8 3 6 0 .1 3 0 1*03
310 1 6 .5 5 tt 0 . 8 1 4 0 .1 5 2 1 . 0 4
360 1 6 . 2 5 tt 0 .7 9 9 0 .1 6 7 1 . 0 1
Mean 1 .0 4 5  x  10"^
A *  The Bro.«iate~Broral&e Eethod*
l i n n  nnfimtiiHiiii; ■ n  n km i W i r m i i n r i m • n m i n n  n i n n n m  i'ini i ihiihtwmi hwh ir
Beagents*
s a l t
. $/t> Potassium  bromate* The JUK/was d ried  for  6 hours 
in  the steam oven or for 2 hours a t  120° The so lu t io n  contained  
5#667g EBrO® p e r  l i t r e  anti was stored  in  an amber b o tt le *
•40$ Potassium  bromide. P re p a re d  from B*F# sa lt*
«wcwm>i*M*nim»Mnctoa■w.«ncrnm niniriiiiiinM«-»«ia»e»w»rtwsgflm. iHiwm'imi '«■»» rw'*if>vii>innm«iwft
40$ P o tass ium  iod ide*  P re p a red  'from A*K* s a l t*
Wggfttftfna wWwn;iBip,nn*w«j ii ,jnMmii»     ngj.v ■«*» a*H»
. Con©* hydrochloric acid* A*B*•
1/1 0  Sodium.. th io su lp h a te  * A s to c k  s o lu t i o n  was
. s ta n d a rd is e d  r o t  more th a n  a ‘week b e fo re  use"by t i t r a t i o n  • 
a g a in s t  ! 0 l i b e r a t e d  from a EI-EIO- s o lu t io n  by s ta n d a rd
■ { - j  . , .
... .hydroch io rlo  acid*
.Starch s o lu t io n -  1% so lu b le  s t a r c h  co n ta in in g  20$ sodium 
•../chloride*
Method
W ffWwWn U fa mwi HawcWWt
( i )  . . i n  the absence o f  I n t e r f e r i n g  su b stan ces*' 10ml o f  a lk a lin e  
pfeenol s o lu t io n  1 /1 0 -1 /2 0  was d ilu te d .to  -approx# 50ml i n  a 150ml 
1*1* b o t t l e * . 5ml o f  4 0 /  KBr added fo llow ed  by an e x c e ss  o f  1 /5  
EBrO- from .a b u r e t t e  (Bole i ) ,  mixed*10ml cone* EC I added* the  
b o t t l e  s to p p e re d  t i g h t ly *  mixed a g a in  and s to o d  f o r  10-15 m ins* 
in  th e  d a rk  ( lo t e  2)* The stopper was removed c a r e fu lly  and 
adhering  l iq u id  washed back i n t o  th e  b o t t l e *  5m 1 4 0 /  K 1  was ttiei 
added* the b o t t le  s to p p e re d  and shaken* S o lu t io n  ad h e rin g  to
th e  stopper- was again  washed' into- the b o t t l e  and the l i b e r a t e d  Ig  
t i t r a t e d  w ith  standard H/lO t  h ie  sulphate# a -lew drops o f  sta rch  
s o lu t io n  b e ing  added towards ,the end o f .the t i tr a t io n #  (Hot© '3} 
l o t e  I .  ' flie' exo-ess was u su a lly  eq u iva len t t o  5~10ml H/lO Br*
Sm aller ex cesses  may. r e s u l t '  in '  incom ple te  b ro m in a tio a  o f  th e  phenol 
l a r g e r  e x c esse s  in c re a s e  th e  r i s k  o f  lo s s  o f bromine an d - io d in e  
during:the determ ination# -
l o t e  w orkers add th e  b r  ornate# bromide and a c id  re a g e n ts
in  a d i f f e r e n t  o rd e r  (see -Appendix IX) # • I d e n t i c a l  r e s u l t s  were 
o b ta in e d  by a d d i t io n  i n  th e  o rd e r  bromide# a c id  and brornate but 
th e  danger o f lo s s  o f  bromine i s  in crea sed  and a b urette o f  rapid  
d e l iv e r y  must be used*
l o t e - 5* I f  the en d -p o in t was d i f f i c u l t  due to  a d s o rp t io n  o f  the 
• starch  Io d id e  by th e  bromlnated phenol t h i s  co u ld  be avo ided  
e i t h e r  by working a t  th e  lower c o n c e n tr a t io n  o f  pheno l or by th e  
;a d d i t io n  o f  a few drops o f  A*B*ether a t some s ta g e  p r io r '  to  th e  
t i t r a t i o n *  Hie l a t t e r  had the. e f f e c t  o f  in c r e a s in g  th e  - 
s o l u b i l i t y  o f  th e  bro& im ted phenol# -
.{II} . A f te r  p a r t i a l  r e a c t io n  with m eta l a lk y l su lp h a te  * fh e
Wwi iiiHl Tmm  * f f iiirMiii'iT'ir | (iiii irl" innn t r ,,i i 1 f T "  1 I ’•! r "1 'II' ■' I'l 'II" ' i~ “*i.....* VI T*“**n' ' f™ ■ '■ r 1'1 — ........ ... *-»« •■ ■■ I II I
- .reac tion  m ix ture  (iOsul) was t r a n s f e r r e d  w ith  a s  l i t t l e  w ate r  as  
-p o ss ib le  t o  a 250ml separatin g  funnel w ith a  wide d e liv e r y  tube _*■ 
.and th e  r e a c t i o n  tub© r in s e d  w ith  20#*30ml p e ro x id e - f r e e  e th e r  
which was a lso  p la c e d  in  th e  separatin g  funnel* The m ixture was
^shaken and th e  aqueous la y e r  run  in to  a 150ml 1*1* b o t t l e *  th e  
. s to p p e r  and s id e s  o f  th e  fu n n e l  were washed down with, a s tream  o f  j
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■water and the washings v m  in to  .the b o t t le .  ' The washing o f  the 
. - s id e s  o f  th e  ta m e  I was rep ea ted , then the e th e r e a l l i q u i d  washed, 
01300 **y shak ing  w ith e&* iOmi l / lO  sodium, hydroxide. The 
aqueous layer  was run o f f  and the s id e s  o f  the funnel washed, down 
once more w ith water * The t o t a l  volume o f  aqueous so lu t io n
saould  he a bout 60m!* th e  phenol in  the aqueous s o lu t io n  was
th en  determ ined as describ ed  in  ( i ) ,  '
, : .. ; A e^ ® lla r  method was u sed  by Ghaswalla and Dorman,CJ*C*S* 1056*
O u m m  n «  i |-  n n  1. i i w  *
1&41) fo r  determ ining phenols in  the presence o f  th e ir  methyl or 
e toy I . e trier s .  • Trie above method o f e th e r e a l-e x tr a c t io n  gave a 
recover/ o f  99-100)1 with a l l .  the phenols'. which were subsequently  
; determined by th e . hrpmate-hroialde method. I t  f a i l s  w ith thymol 
sin ce , t h is  phenol la  ©xtractabl© b y .e th er  from a lk a lin e  so lu tion *
P o ss ib le  .in terferen ce by m eth an o l* ^
The o b je c t  o f  th e  e th ere a l e x t r a c t io n  was to  remove th e  r e a c t io n
r e o ic t - s  u>i t-K
product a n iso le  which adds- ea ' bromine under the c o n d i t io n s  u sed  
. for the d e te rm in a t io n  t f  th e  phenol* The o th e r  r e a c t io n  p roduct 
m ethanol (or e th a n o l)  would appear m ainly  in  th e  aqueous phase# •
' Da^ > nd * * « « *  (Ind* : gng. Chem. 1928, 20 , 545) showed t h a t  
e th a n o l was, a t ta c k e d  slow ly by n ascen t B r, 25ml e th a n o l  u s in g  up 
0.75ml U/lO Br s o lu t i o n  i n  5 m inutes at room -temperature* The 
e f f e c t  o f  m ethanol u n t o  th e  experim ental c o n d i t io n s  used  w as, 
therefore#  in v estig a ted *  "
I’he maximum amount o f  methanol which could be formed in  th e  
reaction mixture was i 0ffil ,  caa03&O.S2g. Blank determinations '
mwere c a r r i e d  out u s in g  XOml.B/s KBrO  ^ i n  p resen ce  and. .absence-of 
0 . f ia l , ( 0  *4g) CX%OH, an amount c o n s id e ra b ly  in  ex cess  ..of i th a t which
may be en c o u n te red  expe rim en ta lly *  .
M H l/lO  th io s u lp h a te ' used up ■ Witliout (MJM With. CH^OE' ■ %2 -O
20*0 . : 10*9 /-
'■■ 12.9 . 19*8
Mean . ' 19*95 / ' '  ■ : 19.85 : ■ . v
m n  a winiijnMujww w*
th e  d iffe r e n c e  between th e se  two f ig u r e s  i s  on t h e  bo rder  of. 
exp er im en ta l'erro r* ■ Since' i n  no experiment did/th© r e a c t io n '  
proceed beyond'60;! o f  com pletion  th e  e f f e c t  o f  the m ethanol 
produced may be n e g le c te d .  -
A p p l ic a t io n  o f  th e  method.
Tfee u se  of. the. bromate~bromicle■ method fo r  th e  d e te rm in a t io n  o f  ■ 
pheno ls  is- review ed i n ’tabu lar form {see Appendix XX)* Most o f
trie  d i f f e r e n c e s  in  method' u se d  by variou s w orkers a re  p ro b ab ly  o f
no importance*' Hie'method u sed  i n .the pesent work gave . 
s a t i s f a c t o r y  r e s u l t s  w ith  th e  fo llo w in g  p h en o ls*«• phenol* m«* and 
p~fluorophenols# o~* and p -ch lorophenols# p*»br orcophenol* 
p-io&ephenoi* m -cresol#  p-tert-© m ylpbenol# o- , and p -n itro p h en o ls
so-methoxyphenol# 3i5~dlffiet6oxyphenol* m-ethoxyphenol and thymol*
Hie c r i t e r i o n  used /to  a s s e s  the e f f ic a c y  o f  th e  method was t h a t  
brom lnation was com plete w ith in  1 0  m inutes and no f u r t h e r  r e a c t i o n  
took p la ce  i f  the tim e o f  r e a c t io n  was extended* The method i s  .
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n o t  a p p l ic a b le  to  th e  o*». and- p-alkoxyphenols*  ' With 0- and p -  |
o r e s o l s  a' alow .brora ination  o f  th e  s ide-eh& in  occurs*' -'The
low ering  o f  t h e ' r e a c t i o n  tem pera tu re  to' below' 5° i s  •suggested  by
■Sprang-. (Appendix XI# ref*X) and' th e  r e d u c t io n  of the--tr ©mine 
ex cess  as., su g g es ted  by Euderman '( ib id *  re£*3) g a w  a l i t t l e  ! . M
improvement, ' th e  fo l lo w in g  r e c o v e r i e s  be in g  o b ta in e d !  ' ’ ■ ' I;
Phenol Time o f  b ro m im tlo n  Ml, l/XO Br in  . Recovery .%. . | ?
: . (lu ins) ! ~ ex cess  - ' ' •~.......:" ■
.o-Cresol.. ;-.-0 5-4 1 . ; ■ .100*4 J
h ' ■ 5 1{; .. . ; : 100.9  ' '
10 ■*.: ; 101*5- ||<
. ; 1 5 ' ■  ft / 101*8- ' ||j
p -C r e s o l  ■ - .-15 1 20 - 99*5. j j
 ^ :  ' ’ : -•■■■•lOv" . 51 104*8. !
-. / . r  ■ ■ v i a  V -■ » 1 0 5 *2 ; :l
. 0 ' .2 -4  ...91*4’. I
; 7  . ■' ■11 ;;;... 1 0 0 .1  t
" ' . ' 1 4 ' ,  11 ■' ' . _  ;';igo*4 , j
I t  .is  seen  t h a t  w h i l s t  o -O reso l 'overbrora inates  more . r e a d i l y  [j
th a n  p -c re so l"  i t  does not do so to  such a' g r e a t  extent*':". .Altbou-:bt|;|! 
p - e r e s o l  cou ld  be determ ined  q u a n t i t a t i v e l y  by t h i s  method* th e  |f  
• s t r i n g e n t  c o n d i t io n s  o f  t i m e ■and bromine ex cess  -did .not w arran t 
i t s 1use Xn th e  present.-work#
3» The Method, o f  F o l i a  cad  C lo o a l t e u .
.. R efs . F o l i a  and C io c a l te u ,  3 .  B io l .  Caem. 1927,73 ,627; S n e l l ,
■ ■ iKtsmvftv  awrrjwr*rij‘MMWi a»«.ir»MWaBM»*wHNiy* w «  «wn »wam mMmssomi
C o lo r im e tr ic  Methods of A n a ly s is # Chapman and 'Hall#193§#Voi*2 
p348«
• ■ Xu some cases  10ml phenol s o lu t io n 'w a s  taken  fo r  co lo u r  ■ 
development.- i n  p la c e  ■ o f  2ml* Colour i n t e n s i t i e s  were m easured 
on ■ th e  Z e is s  Step Photometer# -f  he i n t e n s i t y  o f  a b s o rp t io n
(ex tinc tion  c o e f f i c i e n t#  Zm . J at. v a r io u s  wave le n g th s  l a . g i v e n .. 
below and shown g r a p h ic a l ly  i n  Graph XI Colour developed , 
from'l.Simg thymol* ' - -*■ ’
F i l t e r  Ho* I- 2 3 4 5 6 . 7 8< : 0
. \ ( l )  ■ 4300 4700~ ■.5000 5300 '5700 6100 ' 6600 7200.. , 7500 .
■'.' ■1 . 0 .500  0 .6 3 0  0 .742  0 .8 5 4  0 .9 9 2  1.138 1.218 1 .408  1.432
flie mximum a b s o rp t io n  occurs  a t  750GA* Owing to  th e  d i f f i c u l t y #  
however# o f  -matching c o lo u rs  a t  t h i s  wavelength# a b s o rp t io n  a t  
7200& ( f i l t e r  8) was chosen f o r  a l l  f u r th e r  measurements.. -
■* S -X © @ |0  j / &
. . where, X®* in te n s ity  o f  i n c id e n t  l i g h t
X * in te n s ity  o f  t r a n s m i t t e d  l i g h t  
d * le n g th  o f  c e l l  in  cm*
(c .f*  b r ig h t#  th e  Measurement of Colour# Adam H ilger#  
; London# 1944# p 8 . )  -
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A p n lica tlon  of th e  Method.
ninniVriVi ■ .■ m  i m r. ir 1.1 m^ iMiiwiwrminnw f tm w .nMrim.i rm»i.**W'i-i»n r m  irtiinmr.-, i winr.ni
BIrc©. th e  tu n g s te n  “blue I s  .produced on ly  b y 'reducing substances#  
th e  p ro d u c ts  o f - th e  r e a c t i o n  between sodium-methyl s u lp h a te ;and 
phenols# v is* a n ie o le  and methanol# do n o t  in t e r f e r e ♦ f i l l s  ' i s
s u b s t a n t i a t e d  by th e  f a c t :th a t . i d e n t i c a l •r e s u lt s  were o b ta in e d
also
w ith  phenol-when de te rm ined  by" t h i s  .method and b y / th e  .bromate-* 
b ro m id e . method* lb© method was a p p l ie d  s u c c e s s f u l ly  to  the  
fo llo w in g  phenols  i -  . phenol# c-..and p-*cresol$» gu&i&col#. p-methoxy«f. \ 
phenol# a-  and p -e th o x y p h e n o ls# p - te r t - a a y Ip l ie n o i  and thymcl* I t  
cannot be used  for. pheno ls  c o n ta in in g  s t r o n g ly  e l e c t r o n - a t t r a c t i n g  I 
s u b s t i tu e n t s #  - e*g* th e  .n l tro p h en o ls  (e# f  # Kay arid B a su /In d ian  J*
tyWKWiairy.'A.!,t*nvWm, W.n«p|HiBnr»,nH< :j
fed* Res* 1944# 5B#'.'57) who say# however# t h a t  ■p-methoxyphenol j|
g iv e s  a n e g l ig ib l e  c o l o u r - J .  I ; - . . • ■ • >  *J
: For the  e s t im a t io n  of th e  phenol i n  th e  k i n e t i c  s tu d ie s #  the 
r e a c t i o n  mixture was s u i t a b ly  d i l u t e d  so that a & o r 10ml a l iq u o t  
contained#'.at the. i n i t i a l  stage o f  the reaction #  approxim ately  
img phenol* {
P r o p o r t i o n a l i t y  between pheno l .concentration end i n t e n s i t y  o f  - • ■.■ j
co lour*  -
i*|Oil|Hl>l(f«W [•
According to  S n e ll (loc* ©It*) th e  co lo u r  produced i s  . t
^  pUWiH»*r,MWH II nw WftM ■" ,«i»aaWi*w |
. • . 1 . "  ■ . I
p r o p o r t io n a l  to  th e  m o lecu lar  c o n c e n t r a t io n  o f  monohydric p h en o ls* ' 
F o lia  and O iocalteu  ( lo c * c it* ) working w ith  ty ro s in e  and
>MBlOWtiM. U*ia ■>*m>1 nut >»*.*»■» r '*■"’* w
tryptophane s ta te  t h a t  s t r ic t -  p ro p o r tio n a lity  can be ob ta ined  on ly
pro v id ed  th a t  th e  reag e n t g iv e s  no b lank  co lour*  In  th e  
prelim inary work a blank s o lu t io n  was p laced  in  the second ce 11# j
** Q 1 *
th e  c o lo u r  i n t e r s i t y  measured being, t be d i f f e r e n c e  between that, o f  '
; th e  t e s t  s o lu t io n  a n d ' t h a t  o f  th e '  blank*- ■ M s  would e l im in a te  any'
r e a g e n t . e r r o r  i f  p re se n t*  % e - r e l a t i o n s h i p  . between amount o f . '  
phenol" a n d : co lou r  ' i n t e n s i t y  was t e s t e d  f o r ' t  t r e e  - phenols# iris* 
phenol# g u a ia e o l  and thymol*
(1) th e  p a re n t  so lu t io n #  ■ p r e p a r e d ’ i n  co n ju n o tio n  w ith  : I
Experiment 4B# c o n ta in e d  l*0OOg pheno l i n  250ml' M K&0H* V arious
a l iq u o ts "  were d i l u t e d  to  $ 1000ml and ' the- c o lo u r  d e^e loped , o n . 10ml. . 5
- a l iq u o ts '- 'o f  t h e ' d i l u t e d  s o lu t io n s*  •
&1. p a r e n t  s o lu t i o n  Eg pheno l in 'lO is l  S ' j |
d i l u t e d  to  1000ml d i l u t e d  s o lu t io n  Kl
... . 10 0 .4 0  1.029 i|
c B. . 0 .3 3  . 0 .840  ' |1
■ • , . 1
6 0 .2 4  ■ 0 .632
4 0 .1S  0 .4 4 0  ’ ”r
5 0 * 12 0 • 540 ! | ;
■ ■ : . ■ ■ ; r
3 0 .0 8  0 .336 ij;
/  t IS |M l•' The r e s u l t s ■are  p l o t t e d  g r a p h ic a l ly  i n  Graph I I I  from which i t  ijf
■/ : " |j|
'"may"be seen  th a t  a l i n e a r  r e l a t i o n s h i p  e x i s t s  • between pheno l ill
■ ■ ■ ■ .  • j - i j
c o n c e n t r a t io n  and £ r e p r e s e n te d  by -.the equa tion?  nfj
E * 2*500 x Eg pheno l d  0*05? 4
or y ~ 2*6CQx ■+■ 0*05? % i l
U i )  .. Ouulecol* (a )  • fh e  n a r e n t  s o lu t io n  0 .625g  g u a ia c o l  i s  60ml J]f
MW u I*. i)ni*i I >iw«».iWite*»u*W>ailW ** . • I: ij
■ j: ij
ETaOII and was d i l u t e d  50 tim es* ■ V ario u s  a l i q u o t s  o f - t b ^ d i l u t e d  fJ■ -i. . . .  ■ . . .  I
s o lu t io n  up to  5m 1 were ta k e n  and made up to  5m 1 w ith  w a te r  f o r  |
** 02 **
c o lo u r  development ♦
'Ml d i l u t e d  s o lu t io n  ' Mi? ohenol , . .
5 ■ ... : . ' " 1*25  ^ , 2*5X4
4  . ■■ . 1,00. . p .  2*064 t
5 _ 0 .7 5  1*630
; 2 " ’ . 0*50 . . ' 1*140 ;
. -  /  1 • 0*25 ■ 0*618 ;
dhe r e s u l t s  a r e  p l o t t e d  g r a p h ic a l ly  i n  Graph'"XVii# th e  r e l a t i o n  
'between phenol c o n c e n t r a t io n  and £  being?,
^ 1*92. x lag pheno l +• 0*15 
o r  ,{vy - l*S2x + 0*15 . „
.t t) '  . ^he p a re n t  s o l u t i o n .c o n ta in e d  0»625g guai& col 
in  50ml 21 HaOH and was d ilu te d . 20 •-times* .V arious1 a l iq u o ts -o f  • 
th e  d ilu te d  s o lu t io n  were d i l u t e d  f u r t h e r ' t o  100ml and "Sal a l i q u o t s  
tak en  ■•for'-colour development*' : ••*.¥ ; ;
■:1.I d i l u t e d  s o lu t io n  . fcg pheno l in  5ml E
IBlln i . ' i l '  Iii~liil\lfiviit iiwiiii f  filWllit  ilit f  l n w n li l'ir  i~'‘ nii.'i il i lllililli.MI h ^ w * ^ .f th f* 4 ilw w 'iw h r h » ie ^ * x i'« e 3 » ia w 3 » a r tM M )W e
. - 20 .. 0*625 V . 1*404
 . , 1 7 * 5 . , . ; , , . :.: , 0 . 5 4 7 / ; .  4 . 1 * 2 2 5 ;
_ 15 ■; ; 0*469 • - 1*093
. 12.5 V- , , . v- . 0*5SB ■ ■ -0*963
10. .. ;: ' - .;,0*315 V ■ ■ 0.775
From Graph 1¥3 !■ -  2»02 \ z  mg pheno l 4- 0*14 ■
- ,v...or ■'f  = 2*02x +• 0*14
d i i )  fbymoI (a) -parent s o lu t io n  c o n ta in e d  l*500g thymol in
lOOml 2M l a c s *  I t  was d i l u t e d  i n  t h e  same way as f o r  g u a la e o l
'63
(a )  (see above}* /
MX d i lu t e d  s o lu t io n  Mg nheno l • ;• E
5 . \ 1 .S0 1 ,418
/ j 4 ! * 1 . 2 0  1,144
/  ’  i  ■
3 . j O.90 0*881
2 0*60 - 0*028
I  ■ ■ 0* SO - / '■■ .. 0*350 ,■
From Graph ¥ ju  . E = 0*985 x mg phenol + 0*08
• - • or y *= 0*885% +• 0*08. . ... *' ;
; Cb) * The p a re n t  s o lu t io n ,  c o n ta in e d  l*500g thymol i n
100ml 1 MaOH and.was d i l u t e d  100 times* , .A liquo ts  of.the* d i l u t e d  
s o lu t io n  were made up t o  10ml w ith  w ater  f o r  c o l o u r ■development* 
Ml d i l u t e d  s o lu t io n  Mg phenol ’ ' U '
10 ".: 1*600 1*602 " ’
,■ ID . 1*500 ; 1*600
■ 8*5 1*275 ' 1*402 ."
7 . 1 .050  1*180
5 .5  0*825 0 .980
5 0.750 0*893
From Graph TO? , 1 - 0*93 x mg pheno l 4 0*205
or y * 0.©3x + 0 .205 
From th e s e  r e s u l t s  th e  fo llo w in g  c o n c lu s io n s  may be reached}*-
(a) There l a  no t n e c e s sa r ily  a d i r e c t  p r o p o r t i o n a l i t y  between 
phenol con cen tra tion  and in te n s ity  o f  colour#: but a l i n e a r ' r e l a t i o n  
does e x i s t  over th e  rang© o f  pheno l con cen tra tion s in v e s t ig a te d *  :
«* q 4 *.
(b) ■ $fce : lin e a r  r e la t io n sh ip  i s  d i f f e r e n t  fo r  each.phenol and i s  ji
means that a ca ltb ra t io n . must b e . .c a r r ie d  out p a r a l le l  w ith  th e  
experiment in  order to. ensure i d e n t i c a l  co n d itio n s, o f c o l m r  
development♦ , ,
In  view o f  th e  l i n e a r  r e la t io n sh ip  the c a lib r a t io n  curve can 
be c o n s t ru c te d  from two p o in ts  only* I n  a c tu a l '- p r a c t ic e  two
range o f  phenol con cen tra tion s expec ted  end th e  c o lo u r  measured 
a g a in s t  water i n  th e  s e c o n d 'c e l l* '  , The r e l a t i o n s h i p  between = 
pheno l and £ was c a l c u l a t e d  b y .so lv in g  th e  two s im ultaneous  . 
e q u a t io n s  £ = m x mg pheno l •*- c* In' a l l  cases-excep t' one# c -had
a s m a l l .p o s i t iv e  v a lu e ,  the  ex c e p t io n  b e in g  p -cres.o l where c was
flie  m a jo r i ty  o f  phenols used were commercial specimens j the
. I :*l.
■*
rem ainder be ing  p re p a re d  i n  the laboratory*. '. Where th e  phenol was 
determ ined by bromate-bromide a high  degree o f  p u r i ty  was not
' ' H i :
necessary* lion-phenolic im p u r i t i e s ,  ©*g* w ater, do not m atter •
and t r a c e s  c f  iso m eric  p heno ls  w i l l  have a n e g l ig ib l e  in f lu e n c e*  j|:
determ ined .by th e  bromate-bromide method are g iv en  below* In  
cases where the phenol was determ ined by F o lin  and ClocaXten*s 
method the same co n sid era tio n  supply except th a t g re a t  c a re  had
to  be taken th a t the o- and p-alkoxy phenols were uncontaminated
not reproducib le for  the same phenol on d ifferen t- occasions* T h is  j
phenol con cen tra tion s were chosen ly in g  at the e x tr e m itie s  o f  - the
nega tive*
i U W  i
( M  CSK9
%e K e l t  Inf; p o in ts  (o f the s o l id  phenols) and p u r i t y  as
by the corresponding dihydroxy .phenols*. The l a t t e r ,  apart from  
p ro d u c in g -'approximately double the edbur p e r , u n it  weight' w ith  the  
p h e n o l 'r e a g e n t#  a re  ex trem ely  r e a c t iv e 'tow ards'a lk y 1 s t ion  and 
would d isa p p ea r  from th e  re a c tio n  m ix tu re  at a much g r e a t e r  
r e l a t i v e  r a t e  than the. alkoxy .phenols#- . The phenols  de te rm ined  by 
t h i s  method were ch a ra cter ised  by.;th e ir  m eltin g  -points* ■
Phenol* ' Commercial specimen o f  pure s y n th e t i c  phenol# M.P# 41*
*gwl»Bw*vrminiri««TO» sam  '
-E s tim a tio n  by.brornate-brom ide reagen t: •
0*O941g’p henol4use& u p -60# 1ml B/lO Br? P u r i ty .  * 100*2$
C uaiaco l*  C ow er c l a l  specimen r e d i s t i l l e d #  '&#?• 23*5°
• ii mwn niu>i*miao*iiiiiu»B>iiua,iiM> • ' .
• o-Oresol*. Commercial specimen (98-100;$)r e d i s t i l l e d  b e fo re  use#
•tPEBflinMiw" imujiiwux wdi rtiiiiwin *  '  /  ^
. m*P * SI
o- Chlorophenol* Commercial specimen r e d i s t i l l e d #  -B.P* 173°
(urtcorr)*
_ E stim ation  by bromate-bromid© reagen ts .
0.*0S58g o-ch lorophenol u sed  up 19#9ml B/10 Br: P u r i t y  -  1.00*3^
o- H itro p h e h o l* Commercial specimen# m*P* 4B-466
E s t im a tio n  by bromate-bromide, reag e n ts
0»1391g o -n l t ro p h e n o l  u sed  up 39#8ml 1 /1 0  Br: P u r i t y  ~ 99*0)1 ■ 
•to-metfaoxyphenol* A c o h e r e i a l  specimen was p u r i f i e d  by th e
shod o f  Perkin# Hay and BobInson(5*€*S*' 1928#
k :941).* B*P* .288 - (un eo rr l*  I t s  a l k a l i n e  s o lu t i o n  was f a i n t l y  brown-
E s t im a tio n  by brornate-bromide re a g e n t  s
0*O715g m-xa©thoxyphenol used up 58*8mI E/10 Err P u rity  ~ 97*75/
%•%
m~lthoxypheno 1 * 5Sg (0 * 2 0 , mole) r e so r c in o l was d is so lv e d  in  50ml
w ate r  c o n t a in i n g ■8*Bg (0*22mole) sodium
** C32*
' hydroxide* A fter c o o l in g ,  B$m\ (34g, 0*22 mole) d ie th y l su lp h ate;  
was added and s t ir r e d  continuously  w h ils t  th e  temperature was j
g ra d u a l ly  r a i s e d  on th e .s te a m  h a th  to  65° when th e  h e a t  o f  react Jon!
was s u f f i c i e n t  to  m a in ta in  th e  te m p era tu re  w ith o u t e x t e r n a l  
h e a t in g  f o r  15 mins* The r e a c t io n  m ix ture  was th e n  h e a te d  to  
60°. and h e ld  th e re  fo r  5 mins* w ith  s t i r r i n g ,  8g sodium hydroxide 
- d isso lv e d  i n  a l i t t l e  w ate r  added and re flu x ed  f o r  15 mine* Tfea-d
i
■ co o led  m ix tu re  was a c i d i f i e d  w ith  h y d ro ch lo r ic ' a c id , e x t r a c t e d  ' 
w ith  e t h e r  and th e  e th era l s o lu t io n  shaken w ith  1 0 / 'sodium 
Hydroxide• The a l k a l i n e  s o lu t io n  was washed w ith  e t h e r ,  
a c i d i f i e d  and e x t r a c te d  w ith  e th e r*  th e  e t h e r e a l  e x t r a c t  was
washed once" w ith  w a te r ,  d r i e d  over sodium s u lp h a te  and th e
■ m ~ e th p x y p h e n c l 'd i s t i l l e d ,  The p ro d u c t was ta k en  up i n  benzene , j 
e x t r a c t e d  with. 10$ so d ium 'hyd rox ide , a c i d i f i e d  and e x t r a c t e d  w ith  ! 
henbane# The ben&ene s o lu t io n  was d r i e d  over sodium s u lp h a te  ; 
and f r a c t i o n a l l y  d i s t i l l e d  under red u ce d  'p ressure*  The . 
m-ethoxypheuoi 'came over a t  158°/17mm» j
E s t im a tio n  by brom ste-brom ide re a g e n t  $ !
0*0686g m -ethoxyphenoi’u sed  up 8 8 *75ml M/lO B r : P u r i t y  -  96*4$ j 
m-Cresol* ■Commercial specimen r e d i s t i l l e d ,  B*P* 96-8°/20mm* !
E s t im a t io n  by bromate«*bromide r e a g e n ts  • I
0*1071g W c r e so l used  up 57.5ml l l / lO Brs P u r i t y  ^ ,9.8*9$ 
p**F I n o r  ophe no 1»- P re p a re d  from m~n.it ran i l in e  (M g) by th e  - :
fo l lo w in g  s e r i e s  o f  reac tions:**
( i )  C onversion  to  m ^nitrofluorbensene diasonium  b oroflu or ld e  by 
th e  method o f  S ta rk ey  (Organic S y n th ese s ,  C oll*V ol*2,p225)
•  67 **
"for- th e  co rresp o n d in g  p~compound#
( i i )  Decom position o f  th e  m -nitro fluorbenzen©  diazonium 
b o ro f lu o r ld e  “by heat#  This was c a r r i e d  ou t by- g ra d u a l ly  
r a i s i n g  the tem perature , i n  an o i l  b a t h # ' t h e  b o ro f lu o r ld e  b e in g
c o n ta in e d  In  a I‘UB* f l a s k  f i t t e d  w i th  a  r e f lu x ^  .3 condenser.*
' D ecom position 'began a t  153°' and was ex trem ely  v igorous#  le a v in g  a 
b lack  spongy mass* ', .T his  was steam d i s t i l l e d #  th e  m -nitrofluor** 
benzene e x t r a c t e d  w ith  e th e r  and th e  e th e r  removed'’by distill-** 
a t  ion* y i e l d  I5g' (43* 5$ b ased  on m - n i t r a n i l i n e } ♦ H o 'a ttem p t 
was m ade 'to  improve t h i s  y ie ld* .
. ( i l l )  ■ H© due l i o n  to  m - f lu o ra n i l in e  w ith  t i n  and h y d ro c h lo r ic  ’ a c id  |;| 
a c co rd in g  to  Oatterman# l a b o r a t o r y 'Methods o f  Organic Chemistry#-" J 
Macmillan* 1938* p!65  fo r  th e  co rresp o n d in g  r e d u c t io n  o f  s ' &
n itro b en zen e*  - Y i e l d  lOg (85$ o f  th eo ry }* , 6
' ( iv )  Heplaeemenf o f  th e  amino group by fluo rine .{H odgson*  1*P* 
800*714}-* ■ T h e 'p ro d u c t  b o i le d  a t  8i°/i6mm* ■ Y ie ld  5g (SO^T'cf " j
theory). -
1
E stim a tio n ' by brornate-bromide re a g e n ts
0*0S99g m -fluo ropheno l used  up 54V05xnl H/lO Br? P u r i t y  = 91*0$-. j
- i !
/Bi-Chloro p h e n o l» • Commercial specimen r e d i s t i l l e d ,  B*P* 108°/I7mmj
O i!
* s  . t >  ■ K A ^ ' S l  • - • - i!Hi * i * VU ** Vi> • M
!■
E s tim a tio n ' by brcmate-bromid© re a g e n t  ( b ro m in a t io n -c a r r ie d  out j
•- . - ■ . ■ - ( 
. In p re se n ce  o f 1 a l i t t l e  e th e r  to  p rev en t  p r e c i p i t a t i o n  o f
in c o m p le te ly  brom lnated  p ro d u c t} i
0*0646g m -clilorophenol u se d  up 29«6ml H/lQ B r: P u r i t y -  98*7$
68
m -H ltrophenol* Commercial, specimen# M*P# 95#-5-98? ■
E stim ation  by b r  ornate ♦‘bromide reag e n ts  
0*!591g m ~nitroplienoi used  up 59#65ml l / l O  Br * P u rity  * 99»4)1
p-&ethoxyoh.enol-* Commercial soecittien p u r i f i e d  by th e  method cf
Bmbhiiiiiiw «i>imMiiMiir i>iiiiiiwi»Mnfni'Aaiiiiim< ■»«ihhmii him# "** ^  **
d i s t i l l e d #  B*?« 240-1* h m e o rr )  # MfP* 52#5-55* I t s 'a lk a l in e
p -lth oxyp h en o i* 22g {0*20 mole) hydroQulnone was d is so lv e d  in  50ml
water., c o n ta in in g  8*8g. (0*22 mole) sodium # .jj
hydroxide*■' A f te r  co o lin g  29ml (54g# 0*22 mole) d i e th y l  su lp h a te  
was added and t h e .tem p era tu re  r a i s e d  slowly'- on ’ the'- steam bath, w ith . 
s t ir r in g  to  60° when th e  h e a t  o f  rea c t io n ,  was s u f f i c i e n t  to
m a in ta in  th e  tem perature-without e x te r n a l  b e a t i n g -for- 15 mias* !;!
A fter  making s t r o n g ly  a l k a l i n e  w ith  sodium hydrox ide  the m ixture"  
was r e f lu x e d  fo r  1 0  mins#* cooled# a c i d i f i e d  w ith  'hydrochlorio  
a c id  and e x t r a c te d  w ith ' ether*" - e t h e r e a l  s o lu t io n  was j;
e x t r a c t e d  w ith  10% sodium hydroxide# th e  a l k a l i n e  e x t r a c t  acid-* . i-
i f i e d  and e x t r a c te d  w ith  e th e r*  3?he e th e r e a l1 s o lu t io n  was ji
shaken r e p e a te d ly  w ith  sm all amounts of w a te r  u n t i l . t h e  w ashings 
were co lo u r le ss#  th en  d r i e d  over sodium sulphate and d i s t i l l e d *
*%e p roduct was rec  ]£ry e t a l  11  sed tw ice  from 80 p a r t s  o f  water# th e  
second r e c jir y s ta llis& tio n  producing no a l t e r a t i o n  i n  m o lting
a
p o in t  * - fUP* 65*5-64 *
P-Creso.l Commercial, specimen (29-* 100#) M#P# sd* • j
Robinson and-Sm ith {J*C*3* 1226# 522). and tw ice
s o lu t io n  was c o lo u r le s s*
;
ert-Amyirsheno1 • Commercial specimen r e c ^ r y s ta l l is e d  from
50 s 50 m ix tu re  o f  40**60° and 80-100°petroleum
«. 69
ethey* , ' M*P*r 92-3°
p - f  luor oph.en& I * frep ared  from p -a n is id in e  by co n v ers io n  f ir s t ,  in to
p^fluorobensene diazonium bore f lu o r id e  by th e
method o f  S ta rk e y ,  , O rgan ic . Syntliesss#, Coil* Vol*XX# p 2 2p« fh e  
p-pethoxybenzene;.diazoniura b o ro f lu o r ld e  w as,'p laced  l a  a 500ml E.B. 
f l a s k  f i t t e d  w ith  a r e f l u x  condenser- and a sodium h y d ro x id e , . t r a p ”'"' 
fo r  the. BF3  evolved#, and h e a te d  in  an o i l  hath* At 139° ■ 
decom position commenced and proceeded  g e n t ly .w i th  the o i l  bath  
temperature, m aintained a t  145°*, E eating was continued  for. ,10 
m inu tes  a f t e r  e v o lu t io n  o f  BF^ had  ceased  and th e  re a ctio n ' • 
m ix tu re  was th e n  steam ' d i s t i l l e d * The p * flu o ra n iso le  came o v e r -a s  
a heavy c o lo u r le s s  oil*,, I t ,  was e x t r a c te d  w ith  e t h e r  and t he ' ,  
e th e r  removed by d i s t i l l a t i o n * , ,  { f i e ld  80$ o f  th e o ry )  ' ' .
Dem ethylation w ith  HI was attem pted but was very  slow; indeed#, 
anhydrous■AICI3 . b e i n g .much s u p e r io r  (Sw art%# Bull* lead *  roy* ■ - 
B elg * 1913# 255 |  B ennett#  Brooks and (H asstone# J*0 *S» 1935# 1821)* 
M.P* ,45°*
E stim ation  by bromat e*br omide reagents  
0*05S8g p -flu orop henoi used  up 2 0 *0 ml I /lO  Br: B urltyg.l00»5$
p-C hlorophenol*'■ Commercial specimen# &*F*41*5*43°*
w im h I ih i i  ftum *1 wi rwi> u 11 awn w». v f  u jw  >!»■» wtiTinw.wttn* *•
E stim ation  by bvQmate-bromide reagent:
C*1286g p*ehloropUenol used  up 40*lml M/ 1 0  Br: F u rity= 1 0 0 *2 $
p~Byomopheao I * . Commercial specimen r e c r s t a l l i s e d  from CHCl^#
m * B * 0 3 * 5® *
E stim ation  by brornate-bromide r e a g e n t :
m 70
0*0B65g p~bro.m©pkenoi u sed  up 19*7Sml f / lO  Brs P u r ity =§8 •S;l 
E r iS iE S lE ^ *  P re p a red  by the method o f  B ains and Eberly# Organic 
"S yn theses, Coll* V ol*11, pS5S. M.B.as0#
E stim ation  .by hr ©mat @«»br omid© reag e n t?
0* 1102g p~iodophencl u sed  up 20.05ml I / iO  Brs P u r i t y  =100.1^
£gH trp p h en p t» Commercial soecim en, M .P*U 2°#
E stim ation  by broumte^broinid® reag e n t?
0 . lS 9 lg  p -n itrop h en o l used up 40#l5m l l / i o  Brs F urlty^ .100.4^ 
3l§^gM etfeoxyplienol (p h lo ro g iu e in o l dim ethyl e t h e r )  * Prepared by
, Xnview o f  th e  -fact, t h a t  some- pheno ls  lo s e  n u c le a r  s u b s t i t u e n t s  I 
on h e a t in g .in  w a te r  ( e .g .  isi^iodopiienol) and o th e r s  a re  r e a d i l y  i
o x id i s e d - in  a l k a l i n e  so lu t io n , ( e .g .  polyhydroxy p h e n o l s ) * I t  was ■ !
thought .d e s ira b le  t o .ensu re  t h a t  none -of the  pheno ls  under i
i n v e s t i g a t i o n  were unstable-, towards; If aqueous ' a l k a l i  a t  ICG0*
ICml a l i q u o t s  o f  a . K /lo-ft/20 s o lu t io n  o f  the phenol under 
t e s t  in  I .so d iu m  hydroxide were h eated  - in ' a •b o ilin g  w ate r  b a th  fo r  
ISO m inu tes  under th e  same c o n d i t io n s  as employed in  th e  k i n e t i c  
experim ents# The phenol was de term ined  q u a n t i t a t i v e l y  and compared 
with that p re s e n t  in  an. u n t r e a t e d  a l i q u o t * S ince  th e  lo s s  o f  a
th e  method o f  P ratt and KoMnson t J .C .S # 1924# 
IBS# 188) and r o e r y s ta li ia e d  from benzem e-lig ro in*  E.P*35*6«*36°#
E stim ation  by hromat©~bromld© re a g e n ts
0.07775g 3 1S-diiD©thoxyphenol used up 30.1ml 1 /10  Brs P u rity*9 9 .Eg
fhym ol. Commercial specim en, E.F.4©0 *
TOE Jg A g ia T jrO g .  WSV01&IB AQIHOIJS ALKALI AT 100°
......... 1         Wil l -      ' ^
meta s u b s t i t u e n t  would not. a ffect th e  bromine-combining ca p ac ity #  
m e |a*»eubstitu ted  p h en c ls  were e s t im a te d  by the . method o f F o l ia ' 
and O io e a l te u i  lo s s  o f  th e  s u b s t i t u e n t  o r  rep lacem ent by OH would 
r e su lt 'In  an a ltera tio n  in 'th e  .’In ten sity  o f'th e co lo u r  developed* 
l a  no case  was t h e r e  any d@teetab.le destruction o f  t h e  phenol# 
r e c o v e r i e s  l a  a l l  c a s e s  b e in g  w ith in- e x p e r im e n ta l  e r ro r*  There 
was# however# a  s ig n if ic a n t . loss, .(approx* 1# p e r  hour) o f  thymol ■ 
which was a ttr ib u te d 'to 'v o la tilisa t io n  fro® a l k a l i n e  s o lu t io n  
a n d 'a b s o rp t io n  b$ the ' rubber, bung.of th e  r e a c t i o n  t u b e * .
' f i n  ■ m r m w m & s x m - o f . th e  f a te  . m ' ,  r e a c t  .101, betwkeb ■ i m i  
■ Ataan. stophatbs mm n m o x ip s  xois ■ : "
flie  c o n s ta n t  k |  was determined'as described previously (p 
u s in g  an in i t ia l  reaction  m ix tu re  norm al tow ards b o th  m e ta l  a lk y l  
s u lp h a te  and a lk a l i *
. Jn.general th e  i n i t i a l . m i x t u r e  was normal tow ards m e ta l  a l k y l  
su lp h a te  and  a l k a l i  and approx* .1^/20’towards .phenol# The sodium 
hydrox ide  was c a rb o n a te * f re e  and a l l  s o lu t io n s  were made up w ith  
00^*free water* ' The anhydrous m eta l a l k y l  s u lp h a te  ..was w eighed  
r a p id ly  i n t o  a b e a k e r  and t r a n s f e r r e d  with w ate r  to a g ra d u a te d  
f l a s k  fo llo w ed  by th e  r e q u i r e d  quantity o f s ta n d a rd  41 sodium (or 
potassium)-hydroxide from a- p i p e t t e  o r  b u re t te *  The r e q u i r e d  
amount o f  phenol 'was added# d is so lv e d ,  and-'the s o lu t i o n  d i l u t e d  to  
the- mark* 10ml a liqu ots .were. pipetted, into, the r e a c t i o n  tubes*  
A l te rn a t iv e ly #  5m1 each of two separate s o lu t io n s  .c o n s is t in g  o f  
2*00 I  m e ta l  a l k y l  su lp h a te #  and approx* l / l 0 pheno l i n  2*00 I
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sodium, (or potassium) hydroxide resp ectively  .were taken* The 
r e a c t I o n  was carried 'ou t.a t 100° under id en tica l'con d ition s t o  
thus© u sed  In  the determination o f k^ (q*ir*}* The reaetien  was
a r r e s t e d  by. plunging th e  r e a c t i o n  tu b e s  i n t o  c o ld  running water* 
Two o r  th r e e  tu b e s  were tak en  a t  aero'time f o r  th e  determination 
o f  th e  i n i t ia l  hydroxide io n  c o n c e n tr a t io n  (eq u a ls  a l k y l  su lp h a te  
concentration) by t i t r a t i o n  with M/2 hydrochloric meld to  phenol* 
phthalelxu The phenol d id  not I n t e r f e r e  ex c ep t In  the ease  ©f 
th e  nltrophenols where i t  was n e c e ss a ry  to  c a r r y  out a  p a r a l l e l  
r e a c t i o n  w ith  the n itr ©phenol absen t*  ■ Tubes were withdrawn a t  
aero t i n e  and th e n  a t  d e f i n i t e  i n t e r v a l s  and th e  r e s i d u a l  phenol 
de te rm in ed  either, by brominatloa w ith  toomat e«tor omids rea g e n t  
o r  eolourlm etrleally  w ith  Bolin and Cioc&lteu*# re a g e n t*
' detailed m m m &  f o r 'the hats o f  r e a c t i o n  betsseen isetal
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Tli© symbols u se d  have the fo l lo w in g  meaning? 
k | = b im o le e u la r  rate c o n s ta n t  f o r  th e  r e a c t i o n  between metal 
a l k y l  s u lp h a te  and hydroxide i o n .  
k g r  b lm o le c u la r  rat©  constant fo r  th e  reac t io n ,  between metal 
a l k y l  s u lp h a te  and phenoxlde Ion* 
a r i n i t i a l  c o n c e n t r a t io n  o f  a l k y l  su lp h a te  and hydrox ide  ion* 
n r  i n i t i a l  c o n c e n t r a t io n  o f  hydrox ide  io n  when £  concentration .
■ o f  a lk y l  su lp h a te*  . 
b = I n it ia l  c o n c e n t r a t io n  of phenol* .
2  ^concentration o f  p h eno l a f t e r  t minutes*
The c o n c e n t r a t io n s  have been c o r r e c t e d  f o r  th e  expansion  o f  
th e  r e a c t i o n  m ix tu re  d u r in g  th e  i n i t i a l  h e a t in g  p e r io d  (see p. ^r).
E xperim ent 4A
Rate o f  R ea ct io n  o f  CH^SO^Na w i th  P henol
N o rm a lity  o f  4N NaOH ■ 1 .0 0 0
Sodium m ethyl su lp h a te  -  P r e p a r a t io n  I  -  P u r ity  94.<
I n i t i a l  r e a c t i o n  m ixture 62.5m l 4N NaOH 1 
3 5 .3 6 g  CH SO.Na 
1 . 1 76g P henol i n  250ml
'Phenol]
P henol determ in ed  by KBrO  ^ -  KBr
NaOH] = 1 .0 0 0
!CH„S0ANa] = 1 .0 0 0
rT i V , X « / s f 1  —  0 .0  5
N/2HC1 = R es id u a l  NaOH a t  zero  time -  18 .6m l : a -  0 .9 1 4 5
Time Ml N/lOBr s. r e s i d u a l  b k-, l o g  b /b - y
(mins) p h en ol (b -y ) b -y  bOak^t kg - l o g  (l+bOak^t]
0 2 8 .9 - - -
2 0 2 6 .7 5 1 .0 8 0 0 .1 2 5 0 7 .4 X i o - 5
41 2 4 .9 5 1 .1 5 8 0 .2 5 6 3 7 .3
60 2 3 .4 1 .2 3 5 0 .3 7 5 1 7 .5
90 2 1 .4 1 .3 5 1 0 .5 6 2 4 7 .6
1 2 0 1 9 .8 1 .4 6 0 0 .7 5 0 1 7 .6
160 1 8 .4 5 1 .5 6 6 1 . 0 0 0 7 .3
2 0 0 1 7 .0 1 .7 0 0 1 .2 5 0 7 .4
240 1 5 .7 1 .8 4 1 1 .5 0 0 7 .5
h I 2 8 .9  v 1 Mean 7 .4 X io -5
2x30 1 0 .1 7  " 0 .0 4 7 4  ,
= 1 1 .3 5  x 10~ 5
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Bate o f  -Reaction o f  CRASCUBa with Phenol
K orasallt;/ o f  43 S'aOH = 1*000
Sodium -methyl su lp h a te  ** P repara tion  X
I n i t i a l  re ac tio n  # 68*5©! 41 BaOB- 1 
f ix tu re  s '55*2og Ol^SO^la
l.lYSg Phenol
P u rity  94*8/2 
in  SoOeI -
t  - '; 3 .
[-# j. i~ ,
[ 2 ® n o il’
1 * OC’O
i-'v
O.C5
Phenol d e term in ed  by f o l i n  and .Cloeaiteu1 s • methods
C alib ra tio n  of phenol aga inst Phenol reagent g Bee Experim ental II*
P. (>l.
-*500 x mg phenol + n >037
11/2101 e R es id u a l -RaCii  a t ssero tim e » I!!» *•j'.CiiiJL . a s  0*923MteawMBueiMfeMt
fiiiie
Cmins) _ i L
Phenol
(eig)<mNtesuefif»^4W*iaw
Phenol in  “ 
o r in .  ICkI. www »ira>Winnn mwrwnri.iruM *ni.i'*uw
b*wmnmi'.n*m
COakft
&1kp = toawWritfaiwma'WM.tm.iCHW.x
■f^u 0 .6 0 9 ' 0 .2288 45.76 ■ m
20 1 .084 0 .4188 .41*88 . 1 .093 0.1262 (6 .70
40 1*022 0.3938 .39.33 1 * 16:3 0*2524 7 .5
01 0*056 0.3676 56*76 1.245 0 .3850 '7 .6
85 jrf\ f*S *=* y*kV# fe^ O 0*3494. %A ttjfiQt-k ♦ C*fr ■ 1.313 0 .5364 7 .2
115 ■0 .841 0.3216 cy 1 \e **»'&/*• JL'w 1.423 0.7257 7*5
145 0 .785 0.2992 ' r>A OO W*J 1 GOO*a- S cW 0^ 0* 9152 7 .4
175 0*7 Be 0*2858 rp*-0> ♦ W 0s 1* 001 1.104- 7 .2
205 0.710 f> 0£?, r«r<V • itW ’><>«- 26.90 1*702 1.294 7 .4
240 C.S5Y r\ r> * /«>/•*-W . <*> .* r- «'>•' «•<** OVJ 1.845 1.515 
' ke?n
7.5
7 .4
** t ij <m
B ese tIo n  m ix ture d i lu t e d  to  1000ml and S al a l iq u o t  tak en  fo r  
c o lo u r  developm ent a t  ?«.ero tim e and 10ml a l iq u o ts  a t  a l l  
subsequen t in te rv a le #
* ' ■ ' ' ■ 45*76' ic 1000
* ~ / _  _  q » o . J i ll iiyiMWiwnftitt •t> ~ 45• 7d£ig/10* 17ml *“ v%.\K tO il 'f  K lOUO ~ 0 .0479 .
n m w m w m t>m  rr u irtr«*
fci= i i . s e  * ie*5
<&r tfragV^rwwwy^jBgwitiinluiuuiui UMihiumwug—ic
~ 7g ~
Hate ©f Reaction o f  OHg^O^la with
fo rm a lity  of 41 Radi = 1*044
Sodium'methyl sulphate Preparation!! -  P urity  94*X%
I n i t i a l  re a c tio n  # 25.0ml 41 I&CH 
m ixture 1 7 .1 g  la^SO^.
0*94g Phenol
in  lOOiSil* *•*•«•*• •  So In*.
2*001 CligSO l^a * * . . . . . . . . . . . . . . . . *Soln*B
(5ml So In*. A + 5ml Soln.B} .
p 58 0 .822
JlagSO^l ' 55. 0 .2 5  molar
. SpHsSO^a] * 1 .0 0 0 ,
S?henoll - 0*05 approx.
Phenol determ ined by IBrOa •  EBr
Suppose that the temperature, o f  th e  re a c tio n  mixture was 
r a ise d  to  100° w ithout any re a c tio n  tak in g  p la c e . 'Then allow in g  
for  expansion*the concentrations, o f the reactants b e c o m e .
10.00 . '
[Baca] - 0 .522  r. luTTv -  0 .513  = p*
10.00
*S04 Ka] = 1 . 0 0 0  x lUTT? =• 0 .983  -  a*
, . *2£ *■« * ( M
E/2HC1a Residual MaCE at zero tim e= S.CSal s p - 0.484
Hence drop in  [laOlIJ = drop in  [CCgSO I^a] from commencement of 
the reaction  to zero time'* (p'-p)
= 0 .5 1 3  -  Q.4E4 = 0 .0 2 9  = C
Hence [ciUSO^a] at zero t i n .  = (a '-c )
= 0.983 -  0.029 = 0.956 = a
r * ? r sf t  *»
Time
[rains)**ns «M»;9W0*«**
fcl B/lOBr *
r e s id u a l  .■ 
pheno l (‘b-y) UtR’.l «».<».-gfac
2 . 505
lo sV b -S ’
(A)***&•»*■*x vMHtvnrvm/
6 0 t(a~ p ) 
Cb )•NtBM.* ajcw. (O *wimnrmwi) Mwi"WW
kkg * g y p .
0 *■*.' **/ # W •'? wm «•» *MD atm
f*.f\ 28 * 3 :1.077 0 .07508 564 .0 588*0 -
?*#S 62 *» 1 f\m'0 %j * sjt 2S &V
;0 23*8 1.208 0*1877 1410 1481 6*1 '
£0 • ' 2 0 .4 ' . - *1 . <?,OAjL # «-»- v 0 .3294 OK'SO ■'W 2576 ■ 6*4
140 . 17. a 1*593 0.4857  ■: * *3,0 4 O ^ *;£ «> ■ 5848 - 0*0
o r - a  .£?0>U " 18*5 , ' 1 .718 0*5416 ■ tj "J: v-5 ij> (4*9)
••5Mean 8*3 % 10
2*503 ' ■ a  ~ ^ S O t k i U - p }
 _  _  XQ£T--------- - --—C ~ k^ °  ■ a -  p
8S*S5 ; 1
w ^ ' W . m i m n i . . ,  I ' m u m H  H i *  M i * f W i i i a n » m a i  i w r n - g m w t
b = 2 x 3 0  * 1 0 7  a 0.0465
i:^= 11.35  x  10~5
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Experim ent 4 t>
■ Hat© o f  R eac tio n  o f  OH^SOjBa:with Phenol
tfi'T*i'iM>i«iin<iiiiii*imii't>iiTiii|»iiiJirriii*Miiiir ni'*i in Van t~*(i ~ i i wmiTrriiirwinniniflnnf* rirwir IfajfMBMsm •**’' '  iTWhi<f.*ac»
n o rm a lity  o f  411 la O l » 1*039
Sodium m e th y l- s u lp h a te .* P re p a ra t io n  II..-* Purity* 94*1/1
I n i t i a l  r e a c t io n  « 25.0m l 41 laOIl )
m ix tu re ; • * 7 .1 g  BagSO^ • ' > in  SOOeiI
: 0*94g Phenol I
 ^ .. loo .om i 2 i  m$£Q4m r . .
; feaOliil ' = 0 .520  
■ C^apSO^ = 0*20 m olar 
tCii *2 SO^BaJ - 1.000
pUenoQ s 0*025
Phenol d e term ined  by F o lin .s n d  C io e a l te u ’s  m ethod.
Suppose th a t  t h e ' tem p era tu re  o f  th e  r e a c t io n  m ixture, was 
r a i s e d ' t o  100° w ith o u t' any r e a c t io n  tak in g  place.'. Then a llow ing  
f o r  expansion# the con cen tra tion s o f  th e  r e a c ta n t s  becomes**
10 .00 ■■. " : :
ISaCill = C.ESO x lo T I?  = 0 .511  = p*
10.00
fcH*S0 4Sa] a 1 .000  x lOTT? = 0.9B3 = a 1
k . #& *» . ? w w  * m  wm iw m m
14/2 &G1 5 B e s ld u a l HaOH’ a t ' se ro  tim e * 9.85m l i p«  0 .4 8 4
Eence drop i n  [laOii] = drop In  [CH^SO^a] from commencement o f  th e  
r e a c t io n  to  $ e re  .time = (p^*p) '
» 0 .5 1 1  -  0 .4 8 4  a 0*025 » c
Eence [CH»£0*liuQ'' at- sero' time a (a f~e)
w * s  -.0.953 » 0*085 a -0*958 »
» 79 *" ' •
Pa l l i a t i o n  o f p heno l a g a in s t  p h e n o l ' r e a g e n t<
V o l. Soln* ■•■ A liq u o t FhenoI :
t e l )  ' D ilu t io n  tak en  " p r e s e n t ' te ? )  ' E“wsw^ «■*'*■»» <aw aw i»wa»rre»»wa^n<.«w wa-Ra' m x * *M»riwul»Mi.tt«ii*uw wtiWMW'ww ua mmnwmami tmamuniwam wum auwi emu MwnwMwtm
10 500 10 0 .4705 1.214'
10 500 5 0 .235  0 .655
B = 2 .375  x  Big ptiSBOl +- 0 .086
2 .375  ' 0 .0 8 6
PhenolTP-* '
B in s )4»*W!TnfiuHwat|0aB T
X^-■IfWlHWMmiMBW—1
4. UVA4M «*»
(rag)m^»'rtBVJg:qt>ipartW«>CTCg - iru-1""•tun, wav BiW
m >jwuiwuinwif *4MXSBM&W
*2A O■ s C* kp a i? + '
0 .1*184 0*457 1%* &£■ % '§J\J -m ** • m -
OKiWtsrf. 1 .0 7 2  0 .411 ; 20.S3 . 1 .112 ' 0.1C62( 711 730 7 .4  x 10’
60 0 *956:■0.561 ■ 18*05 ■1*266 0.2358 1707 ■■ 1644 7*0
105 Q*.85V 0* *!?16 15 .8 1.448 0*3689 2986 2921 6*2
ISO 0.749 “t .2 7 5  . . *s r? r??5?£a* to. 1*662- 0 .5081 4551- . .  4341- S .7..- '
225 0 .601 0 .221 11.©5 O -0-8! <T • %-SiJr f 0*7266 6400 ' 6106 5 .8
O'* ft. S*\OuV . 0 .524 0 .182 '2 .5 1 1 0 .9200 8583 ’ 7998 5*6 '
•5
X ■- i ■:,/■■- .. . . , ,
R eac tio n  f i x t u r e  d i lu t e d  to . 500ml and 10ml a l iq u o ts  tak en  fo r  
'..colour, develop&ent*- > :
aA:«. 2 .3 0 3  le g  b/b - y■' 1
®B t  e o t ( a - p )  -- . :
f . ' , - .2 .8 0 3  a -  Pe*80t^ l (a“g ) " "
■*'0 - k i~  & ~ a  -  p .
23 .85  X 1000
b » 23• B 5og /l0 • 17ml - ’S i m T l u . ! ?  x 1 = 0 .0339
«* eo *
B xnerlm nrt 5 .
■ R ate o f  E n ac tio n  o f  CH*«50>».$a w ith  Q ualeco l
v W n w  A$~Wtwtf«wm « W >i a .w»».'www * w **«. iwi.a*wct.iciecwo* *an  w 1i*.*- i w »
K ori& allty ' o f . 4B $aOH» 0*993
Sodium m ethyl su lp h a te  * P re p a ra t io n  11- P u r i ty  9 4 * ln -
I n i t l a l  r e a c t io n  SS.C*" 1 4 l ’PaOII )
" m ix tu re  * 0*€C z  Ott&iaeoiJ in  £Oml*• v*. . • *£oln*&
8 * \««» Ca^  *z SOyj &s. * *.**».**♦*#*•**** Solis* B>w ^
(5ml Soln«& 4 Sml Soln.B )
. [ /  *' 3 * 1*000
[v*. ^  7  1* C’Ou
[Phenol] * 0 .0 5  approx*
Phenol d e term ined  h f  F o l ia  and O lo c a lte u ’ s method*
C alib ra t ion  of rhenol spainst  phenol reaeer t*
!::i C
¥ol* SoIn*A AliGUOt Phenol'.
■ (mi) ■ M in t  ion
«99»flte*«nuMfcX Wfti 1 HT.-tnMi1 »0.au .^ X*| * itai 11r W »  m  «  «aCT.WB»«i**tt-gS;-: *«J.R. ^ 1  ^ Jl r r e s e n t  (&£*) Bwim »-r»«wed^s**wrac**>wwwi3ttr'.icw!»: ,*«£**»* Wuj-«tiii «*»«•«*«•
•5 • 500 10 1.303 3*655;
5 500 6 0*651 ' 1*442,
;'r
'-'
-t
If fa
a
t *061 z  r g phenol + 0*851
I.P 6 1  C.S31
K/EECl* Residual KaOil at zero tiua slS.OSisl s a = 0.930
•  S i  *
w *sw*» -Mte *»<t W ,,,n
W—t niwn w^Mvnvxtt
Phenol Phenol in ki log  k/fo-y
j&lns)WW tfcfcg ■W.HWMf t e )»H«lt#WkWwT’5r&%e3t5faR or 1ft* lOrnlyg»,» «* tm* *m h**JT 60aknt • k o ®  lo g ilfO O a k jt
0 8*595 1*211 60*6 • *» «* •
O o ' ■I'M1 4J <*3- “3*t» * 0» ■$ 1.106 5 5 « 5 1 r-. i> * v> wO 0*1766' (6*55) x  IO” 5
66 ' 2 .16 0*988 42 .4 la « 0.4163 6*6
114 1.96 0*886 44 .5 ■4 «yy> /*»JL .  «? 0*7121 6*5
174 1.745 0 .775 -58*8 1 . 56 5 1*097 6  * 8
240. * 1 .5 8 0*691 : 34*6 1*762 1.514 6*9
-■ iiean 6 .7 35 XO” 5
^R eac tion  f i x t u r e ' '  d i lu t e d  to  SCOmi and Bra I  a l iq u o ts  ta k en  f o r  
co lo u r development*
b  = 60•6m g/10 * I7ial - l'
60*6  3? 1000 
&&♦! X- .10*1? K XuUO v rs a n-n,_i *  0  f ' O
fe, = 1 1 . 3 5  k XO” 5
n n u "**!1*
E xperim ent 8. '
Pate o f  R eaction ©f.CE^SO^Na w ith m-Methoxyphenol
Normality, o f  4H NaOH #, 0 .989
Sodium methyl su lphate -  Preparation  I I  * P u r ity  94.1^>
I n i t i a l  r e a c tio n  mixture r  2 5 .25ml 4N NaOH )
0.607g m-Methoxyphenolj : in  50ml. . S o ln .1,
2 .CON CS^SO^Na * # •♦»•*#*#•#.****•» • Soln«B<
(5ml Soln.A  ♦ Sml Soln.B)
Ijfaod
i s s r 1
1.000
l.OCO
0 .0 5  (approx.)
Phenol determined by KBrO™ -  KBr
H/2HC1 5 B esidual NaOH at zero time » 18.7m l : a = 0 .919  
Time Ml N/103r = re s id u a l b fci lo;
28 .2  1  
b * 2x30 x  10 ,17
kl= 11 .35  x 10~ 5
0.0462
(mins) phenol (b-y) b -y SOak^t kg s lo g (l+ 6 0 a % t) |
0 * 28 .2 —  - -
30 25 .75 1 .095 0.1885 5 .9  x 1 0 * 5
60 23 .8 1 .183 0.3770 6 . 0
96 2 2 . 0 1.281 0*6033 5 .8
138 ' 2 0 . 1 1.403  ' 0 .8672 6 * 1
186 1 8 .5  , ..1*524 1*159 . . 6 .15  I
240 16 .5 1.709 1.508: ( 6 . 6 ) ;i
Mean ' 6 . 0  x  1 0 " 5
m £3 **
E xperim ent 7« ‘ ' :
. Bate o fB e a o t  ion o f  ,CH3 S04IIa w ith 3; 5-Dira@thoxyphenol
Form ality o f  4H HaOH » 0 .989
Sodium m ethyl su lp h ate * .P re p a ra tio n  I I  *■ P u rity  94 .1$
Initial reaotion . . 25.25®1 4N HaOH ' i
m ixture ’ * ■ 0*771g 3 *5 -Blmethoxyphenolj in  50m l.*.Soln#&.
* " 2« OOlf CHgSO 4 Fa * So In • IB •
(5ml Soln.& 5ml Soln.B) . '
[HaOd * 1 . 0 0 0  .
LOH^ SO^ TsQ , *  1 . 0 0 0
phenol} . s 0 .0 5  / '
Phenol determined by KBrO  ^ -  KBr . * ,
H/BHCl 5  R esidual NaOH a t zero time - 18.7m l : a * 0 .919
Tima Ml N/lOBr = r e s id u a l _b_ k-, lo g  b /b -y  |
(mias) phenol (b -y) b-y  60ak]_t, kg s lo g (1 + 6 0 a k it) |
0 " 2 9 .1  -  -  i
30 26.95 1.080 0.1885 5 .0  x 10'
60 2 5 .1 1 . 1 6 0 0.3770 5 .2
96 23 .55  '
>
1.236 0.6033 5*1.
138 2 1 . 8 1 .335 0.8672 5 .2
186 20*25 1.436 1.169 5 .3
240. 18 .85 1 .544 1*508 "■ 5 .3
. Mean 5 .2  x 10”
2 9 .1  _  1
b = 2x30 10 .1?  * 0 .0 4 7 7
• Ffe*e- 0:  ^ I n a c t i on o f CH^ SO^Ba w ith  p^&ethoyyphenol
fo rm a li ty  o f  42 llaOH* 1*000
Sodium' m ethyl su lp h a te  ** P re p a ra t io n  1 -  P u r i ty  94*8^ '
I n i t i a l  r e a c t io n  ... 25%0u t 4$ I&OH ' >
mixture * 0 *C2 « 3  p-^tfeo^yphenelJ In 50ml *.*.**
2*001 CHgOC^la. ****♦♦**.**#,**,* .**
{5ird Sc In* A 4~ 5ml. Soln«B)
[i>c;.J = l .  000
[ c ^ o o  j;©] s .1*000
[phenol] . *' 0*05
Phenol d e term ined  by F o lin  and C io c a lte u * s  Method#
C alib ra tio n  o f  phenol ©gainst phenol reap en t*
V ol. Soln*A'
{ml}
•' P ile  v e t
01I n t i  cm ta  mi.. 1
\,Phenol ■ 
present * . ) M:'i *
6 . 500 5 0*620 1*012.
5 ' 1000 5 0*510' 0*584
1 -  1*575 r, mg phenol * 0*036
*Soln*A 
*£oln*B
__ C
0*036
H/S £01 a R esid u a l O&OPi-at ?,ero tim e . X8*.7ml ; & = 0*919
85 •
7 i m
(znlns)8 e k
PhonoI
. i m )  ;'
Phenol In  
or I £* 10ml
h
BZJL 60ak-| t ’
k | lop!ww,ww , «ssedfttt^nw m mi ’a irir. ri ."Unaf.i.ii•& il+SOasi t .
0 0*060 0*680 58*0 m ' m
SO 0* SB 3 0*500 5 0 .0  . i . l s i 0*1886 ’ 9*8 X  IO"5
65 0*710 0*428 . 42*9 ' 1*556 .0*4084 10.1
115 0*601 0*559 ‘ 66 .9 1*618 0*7287 10.0
170 0*510 0*501 60*1 ' 1*928- 1*068 10 .2
S4Q '' 0*460 0*250 25*0 ■ 2*520 1*503: 
lie an
10*4_ 
10* 1 35 1 0 “ 5
^ R e a c tio n 'K ix tu r© 'd ilu te d  to  BOQml and 6rsl a l iq u o ts  ta k en  fo r  
co lo u r  development*
■ v  ? p ,  H  3 ?  \ f  r  O  ■ ■
t> = ES. G ag/10. = T O t ^ S I T T x T ^  = C.C434
•  'C'Q m
Experiment 9 ■
Hate o f  R eaction o f :■ CHgSO^ Ha w ith  m-Ethoxyphenol
Norm ality o f  4N NaOH » ,0*998, . . , . . . . .
Sodium methyl su lphate. -■ P reparation  I I  **"■ P urity  '94
I n i t i a l  reaction" .. 25*t>6ml 4N NaOH' 1
mixture ■ ‘ 0*651g I thoxyphenolf in  50ml. •  * . • ;  .'Soln .A •
2 fOOJf CH3 SO^Nu* * • « • * *’ •*% * .’•'»"•***.*• Soln • S .
T { 5ml-Boln#A + Sail Soln.B}
[NaOH] * -l^OOO
: [C^SO^Na] . . * . ' - 1 ,000
TI [Phenol] -  '0 * 0 5  {approx*}.
Phenol determined hy KBrOg *► KBr-
N/2HC1 §*■ R esidual NaOH at zero time « 18.925m l: 5 a * 0 .950
Time
(mins)
i a  H/10Br » re s id u a l b 
phenol (b-y) b-y eOahit
: Mi ..log b/b-yf: 
kg * lo g ( l* 6 0 a k it)
0 26 .05 - ;■ -
28 23 .9 1.090 0*1766 6.0  x 10*55
66 21«5 1*212 0.4163 6.2 .
114 1 9 .5 1*336 0.7191 6 .0
174 17 .6 1*480 1 .097 6.0
240 ' 16 .0 1*629 1 .514 . 6 .0  ^
■ _....................... . 1 Mean • 6 .0  x 10*"5
26
b -  2 :
.05 -  1 
K 30 10*17 0.0427 ..............■ „ , ............. . , -..
-  87
Experim ent 10
R ate o f . R eac tio n  o f CH-sSO^Na w ith  p-B thoxyuhenol
Normality o f  4M NaOH« 0*989
v  u r a uniHimBiaa i .latsa
Sodium methyl su lphate -  P re p a ra tio n  21 -  P u r i ty  94*1$
I n i t i a l  r e a c t io n  # 25125ml 4N NaOH I
m ix tu re . * 0.690Sg p*B thoxyphenol) i n  50ml*. . .  *Soln*A
■ 2*001  0H3 S04 Na* *.S o ln .B
(5ml So In* A •+ 6ml Soln .B )
[NaOH] = 1 . 0 0 0  1
■ [CHgSO^a] * 1*000
[Phenol] * 0 .0 5
Phenol de term ined  by F o l ia  and C lo c a l te u 's  method*
C a lib ra tio n  o f phenol aga in st phenol reagent.
V ol. Soln.A  • A liq u o t " Phenol
(ml) D ilu tio n  ta k e n  p re se n t,(m g )  1 • m o
' : , 5 - 1000 10 0 .6205 1*180) 1*677 0*022
I w uim m
5 1000 5 0 .3453 0 .6 0 1 J
E « 1.677 x og pheno l + 0 .082
l / 2  E01= R e s id u a l EaOXl at zero tim e * 18 .7m l i a *  0*019
flm e
(mina)
«am«aniMntwM*
■ «j&
Phenol
Crcg)
Phenol in  
oris:* IOibI
ttawWirawui imwiiw «***»
. b , 
h**:f 6 0 a k it
irmiifimimiii>ii>«ii i ■ mu ii ii
.  ■ ki lo& ^/h»w  
&2 ~ lo g ( l+ d u aic it}
0 ; 1.125 0 .658 ' , 8 5 .8 ' m - -
. • 30 O.SSQ 0.559 55.9 1.176 0.1805 10.5  r, 10"5
: 60 0 * 84 4 0 .490 ..4 9 .0 . • 1 .342 0 .3770 1 0 .4
96 0 .700 0 .404  , •. 40 .4 1.688 0 .6033 11.7
138 0 .847 0 .3 7 5 o7» 3 1 .7 6 5 0 .8672 ' 10 .3
186 0 .5 2 3 0.299 29 .9  ^ 2.202 ' 1.189 1 1 .5 ’.......
240 0 .464 0.2635 * 26*35 2.496 1.508 1 1 . 2
f c e a a  1 0 . © 6 k  I 0 m b
R eac tio n  m ix tu re  d i lu t e d  to  500ml and 5m1 a l iq u o ts  tak en  f o r  
c o lo u r  developm ent.
- 8 5 .e t 1000 •
b. - -65*Smg/10 . iVffil - : T55T1 X-. 10*17;.x 1000 = 0.0468
CO
Bxnerlm ent 11' • ' ’
Hate o f  K eaetion o f  CH-SCUla w ith ©-Creaol
Eorruallty. o f  45* HaOH a 0 .995
Bo&ium methyl su lphate — Preparation 11— P urity  94*1/2
i n i t i a l  r e a c t io n  25.1&X :4M PaGIl )
m ix tu re  • 5 0 .548g o -C re so l J in  5 M L .. .  • **Soln*&
2*Oui'i CligSO^Ka#••* •*♦*•••*♦  *■#**$©I n • £>
CSrnl Soln.A  + S a l Ooln.B)
LlaOJ." ■* 1*000
* ~ i . ouj
. [Phenol] -  0*05 approx ..........
P henol determ ined by F o lln  and C io ca lten , s method*-
C a l ib r a t io n 'o f  nhenol a g a in s t  pheno l reagent*^
Vol*. Soln.Jk , & liquo t ' Phenol .
t e l )  D ilu t io n  tak en  p r e s e n t >(mg) B m ' • c
5 . 500 10 1*096 2 .020  1
5 500 5 -0*548. 1*111
1 =• 1 .659 x mg phenol + 0 .202
1 .659  0 .202
M/2 .KOI..s E©sidua 1 laOii a t  - z-ero tim e *■ 18.2ml i  a - 0 .929
Time ■ 
( is irs )c»»taat»«rgtte» ; x M  ■:
Rhenol 
..<«!£)-
P henol in  
o r j g *  1 0 m l
b
•b*y 6 0 a k i t
tei log V b ~ f?*« .*«. ajJ.'aWft'fciittfi-yaM.attg tw I[W'I WM♦«•«» “.H wV *
*■2 - - l o i l i + 6 0 a k ^  t )
0  ■ 1*990■ 1 . 0 7 7 . . 5 3 . 9 . ** *» m
2 3 1 . 8 1 8 0 . 9 7 4 4 3 * 7 1 .1 0 6 0 . 1 7 7 8 7 . 0  x  1 0 ” 5
66, 1*662 O.BSO 4 4 * 0 1 . 2 2 5 , 0 . 4 1 9 1 6 . 5
1X4 1 * 5 1 3 . 0 . 7 9 0 39.5 1 * 3 6 5 ' 0.7240 6*5
172 1*330 0 . S 9 S 3-4 ♦ 9 '' -1.544 1.085 ■ - • . - 6 .7  ,
240 1.242 0 . 6 2 7 . 31 .3  - 1.719 -■’1 . 5 2 4 —O . 0 -
Ifiean 6 . 7  x  1 G "5
^Reaction mixture d ilu te d - to  500ml and 10ml a liq u o ts  taken f o r  
c o lo u r  development*
5 3 .9  x 1000
t) = 5 3 .8ffig/l0« 17isl = 108.1 x 10.17 x 1000 = 0.0490 
k , = 11.35 x 10"5
^  ’Siak *»'
Experim ent 12
4mNBeeeft9fc3*B&aMicnuHaeMBaraaaf8M8MnNB«BBM(B»
Hate o f  B e a c t io n  o f  GE^SO^a w ith  m- Ore s o l
n o r m a l ity  o f  4ff NaOH * 0 .995
.Sodium .methyl' su lphate. -  Preparation  I  -  .Purity 94*8 $
I n i t i a l  r e a c t io n  # £5•Xml- 4N NaOH )
• ■ m ixture ' jL~9*54g m -C ?esoliln  5 0 m l.♦ ./.•S o ln *  A*
2.0011 OHgSO^a » * • * » • • # • • • . .  .S o ln . B.
(5ml ' Soln* A ♦ 5ml Soln B )
[KaOHl =' 1 .0 0 0
[CHgSO^Na] * 1 .000  '
[Phenol] * 0 .0 5  (a p p ro x .)
Phenol d eterm ined  by KBrOg ~ KBr
N/2HC1'* Be s i  du a l NaOH a t  ssero tim e'* 1 8 .8m l ' a * 0 .9 2 5
l im e  lH N/lOBr * r e s i d u a l  b k t l o g  b /b - y
(m ins) p h en o l (b -y )  b -y  OOak^t k 2  - : l o g ( l +  60ak]i t)
0 . 2 7 .4  , -  . -
25 2 4 .6  1 .1 1 6  0 .1 5 7 9  8 .4 5  I  IO*5
50 2 2 .6 5  1 .2 0 9  0 .3 1 5 9  7 .8
80 2 0 .5  1 .3 3 9  0 .5 0 5 3  8 . 1
163 1 6 .0  1 .7 1 8  1 .0 3 0  8 .6 5
Mean 8 .2 5  x  10 - 5
2 7 .4
Xb = 2x30 *  1 0 .1 7  0 .0 4 4 9
k l  -  1 1 .3 5  x  10" 5
' o f  R eac tio n  o f C gOOj Ka w ith  p*»Cresol 
n o rm a lity  o f  4H I&OH* 0*996
Sodium m ethyl su lp h a te  -  P re p a ra tio n  X ~ P u r i ty  §4*8$
I n i t i a l  r e a c t io n   ^ 25*1ml 41 H ad ! ' \  ■
m ix tu re  % ■ 0*S4Og p*»Cresolj i n  50ml*. . . . . .  .$oln»&
(Sail SolntA  -V' §ml $oln*B)
[NaOH] =*1.000 
[Gii^S04Ka] - 1.000 
[Phenol] * 0 .0 5
Phenol determined toy f o l l n  and C io c a lte u ’s method.
2.0011 CHs E04Ka
C a l ib r a t io n  o f  phenol a g a in s t  pheno l reag en t*
Vo I* Soln*A A liq u o t ■ " Phenol
D ilu t io n is
5 500 10 ' 1 .079 ‘ 1.542
1.588- -0
5 500 5 ■ 0*5595 0*721
E -  1*528 x Bag p heno l ** 0 .1 0 0
M/B EC! s R es id u a l laOll a t  z e r o ' tim e ^ 18*8 I a a p . 925
m 93 **
Time : 
[mine)'
M M i » i a u » a i
rM
W0mw>iwh<bp)«w
Phenol
. fefO-
Phenol in  
o ris>  IDe X
**■11 •m > i|i , l .  > ifirunr i iftim
b ■
VtRaaM uiM M*"fcjm, y
R s u * M < d
8 Oak-, t
9Whj town i . r o . I w . 'U f t f r .w r
- k i lo sr V b -v  
-2 = lop ,(I+ 60akit}
v w - ^ s * a w * s
0 1 .403 ■ 1.050--. mo aV' iV ♦ \J aft »* it*
25 1 .013 0.032 4d * O 1.127 0.1579 9 .2  x 1C" 5
60 , 1.153 0.S25 41 .3 1.271 0 . 5150 (8 .8 )
■ 80 ■ 1 *042. 0 .750 37.5 1.400 0 .5053 9 .3
145 ‘0*824 0.814 - 30.7 -1*711’ 0.9160 9 .3
200 • 0 .567 : 0 .458 : 2 1 .9 1 .948 1.254.
mean -
9 .3
. w  win i in i in i»iiidiiiMiii.niiUi»i'mim» .n> >'»j num.
9 .3  X 1C" 5
^fleaet'icn mixture d ilu te d ' to  600ml and 10ml- a liq u o t ta k en  for- 
co lo u r  development*'
52 .5  x 1000 ;
b =. 52♦ 5m g/l0• 17ml *■. 109*X 2S 10 .17  x 1000 - 0 .0478
l£x * 1 1 .5 5 : i  IO* 5
-Experiment 14
R ate  o f  R e ac tio n  o f  CS^SO^la w ith  p -te rt-A say lp h en o l
fo rm a lity  o f  41 laOH * 0 .989
Sodium m ethyl su lphate -  .Preparation 11 -  P u r i ty  94.1*1
I n i t i a l  r e a c t io n  , 25.25m l 4 I  IaOI£ I '
m ix tu re  0 .1622g p^tert-A m ylphenoi-" in  50m l.•#Soln.AA .mniwiiwiwwi v  <*■ /
2.00$ CiiSO^$a♦ • • • •#♦♦*♦**#♦*•#•«•#*' Sol s«B
M  ~x
(BtuX S o ln .a  *  5ml Soln.B)
feaO0  - * 1 . 0 0 0
[CS3 S0ASa] « 1,000  
[Phenol] = 0 . 0 1
The low p henol’ co n cen tra tio n ■was n e c e s s ita te d  by th e  very  low 
■ s o lu b il ity ’o f  p -tert-am ylp h en o l.
Phenol d e te rm in ed  by F o lin  and C lo ca lte u 1 s •.m ethod.
C a lib ra tio n  o f ’phenol ag-alnst phenol, r e a g e n t .
V ol.- JSoln.A ' ' A liquo t ^ P h e n o l
t e l )  D ilu t io n  tak en  p re s e n t  (mg) 1 m♦Mi'runiwn Mi iritM-mi.inwrw—mwatiiwmr twwwwaimtWMPgrw*.«a*« wy* wti»ai*iiwmifflMMi.nr-iiiw urn mu ip;. ,i nfj.n.unifrurn u i g~*i MrtwMnaiMMMlHfr Wfiiwnr.n wiu.ac
5 200 10 0.831. 0 .807
5 -  '200 5 0 .4 1 5 5 ., ,  0 .495
B = 0 .9 9 2  x mg phenol. + 0*083.
r 0*992 0 .083
R e s id u a l l&QH a t  zero time *• 18.7m l § a= 0*919
f  ime 
(mlns}.' *»*WUWUtl«MW
■, Fsi . -i u
Phenol
teg )OWdriHNi.u.wiTfimiwiw
Phenol in- 
or ip:* 10ml#un ............. mmwimrffm
b
g S S x l
ki losT'O/b-y
fc8 e T fe r r P g s a g ^ )
0. , 0*869 0 .793 15*85 a * m ■ -
23 0*760 . 0.683- -13*66 - 1*161 0*1760 1 0 .4  X 10” 5
66 0*648 0*570 '1 1 .4 0 1 .301 0 .4 1 4 7 1 0 .8
114'. 0*559 0.480 9.60 , 1.651 0 .7163 1 0 .5
172 0* 484 0.-404' . - - 8*09-• 1*961 1*081 : 1 0 .4  - - - : ,
240 0.4:37 0 .5 4 7 6*94 2.286 ■■1.508- 1 0 . s  ,
fcean 10*5 x  \ tT °
^R eac tio n  m ix tu re  d i lu t e d  to  100ml and 5ml a l iq u o ts  tak en  fo r  
c o lo u r  development#
: • • 15»8S-: x 1000- •
b : * i5 .85m g/l0* i7m i ~ 162 .8  x-IO .T ? x 1000 -  0*00061
\u  x io " 5
E xperim ent"15 'V .
B ate o f  B eaetlon  o f  OHgSO^Na with m-finorophenQl
Mormallty of 41 MaOH' ' ^ 0 .995
Sodium methyl su lphate—* Preparation I I   ^ P urity  94 ,1
I n i t i a l  rea c tio n  
m ixture
:* 25.1m l 4H HaOH I
0.61m l m -Fluorophenoliin  50m l,• . . ,Soln>A, 
2 . DON CHgSOa <• ;*•.;*; «;• ; ; «1 * So 1 n * B.
(5ml Soln.A  * 5ml Boln.B)
tKaOHl $
Lci%S0 4Kai * 
{Phenol] *
1 .0 0 0  
1 .0 0 0  :
0*05 1 (approxvi
Phenol determined hy KBrOg -  KBr
l/SH C l r -Be8 1 dual KaOH a t  'zero-tim e * I8'v9ml :l a ® 0 .929
lim e Ml H/lOBrs re s id u a l  
(mins) phenol (fe-y) ^
0  56*2:',;
28 54 .0
6 6  5 1 .9
114 29 .6  ■
172 , 27 .45
240 25 .1
J L .  k r  lo g  b /b -y
b-y  60ak^t kg ^ log(l+60ak-^t)
1 .064  0 .1778
1 .134  0 .4191
1 .223  0.7240
1 .318  1 ,0 8 5
1 .442  1 .524
Mean -■
4 .3  x 10 i 5
4.1. -
4 .2
4* 25
4 .5
4 .3  x 10- 5
3 6 .2  
b = 2x30 * ' Io7 l7  = 0.0593
97 *
Experim ent IS
'Bat© o f  R eac tio n  o f  OE^SO^IIa w ith  p*F luoronhenol
a  Sfctaivtai ■- jes»?£iKMCT««t*a>toa< Jmgj
B c risa llty  o f  48 EaOH =O.S39
Sodium m ethy l su lp h a te  * P re p a ra t io n  XI -  P u r i ty  24.1/f
I n i t i a l  r e a c t io n  # 25*25ml 41 I&9E r )
m ix tu re  ■ * 0*SSOg p-B 'luorophexial j in  SOml*. ♦  •Soln*A
2*001 OB ^ SQ/i He *. • » • • * • * # # « • • , * . * • » •  4 &olsi*B• <Ui» X
(S a l So In.A  +■ 5k1 Soln .B )
[BaCIl] 5 l.OCO ’ ' '
[CH,.SO/ Eal = l.OCO 
[Phenol] = 0 .05
F he& el.d e te rm in ed  by KErOg -  EBr
E /2  HC15 'B eeidaal liaOS a t  ze ro  tim e = 18.7m i : a = 0 .0 1 9
taaentiiriszMmv j t tM M
Time
f a in s )
0
’ 66.
114
172
240
il K/lOBr 5 r e s id u a l
X O -r ttt<w* •
17*4 
15* 65 
13*7 
12*16 
10*5
19.25 Xwtezss8(xa****4tgm  «ASr <waw»niff**< <*n tifjiiiBiiiKX _b -  0x20 -10,17 = 0.0475
-5
0
# * . *» 
l.ICC 0.1760 
1.854 0 .4147  
1.405 0.7163  
1 .584  1 .081
1 .833  1 .EOS
- Bean
lo s_ 5 /b -y
«B^?^'TOffjiww*in wwiriw  r immnwfij) .
g (l+ 6 0 ak it.
7*05 x 10"6
7 .2  x 10"
k i -  11*55 x 10
Experim ent 17
H ate o f  R e ac tio n  o f  CB^SQ^Jta w ith  o*C blorophenol'
Koriaallty o f 41 KaOH * 1*000
Sodium methyl sulphate -.Preparation X - Purity 94*0^
I n i t i a l  r e a c t io n  f 25.0ml 41 laOE
m ix tu re  0»66O5g (0 .515rsl) o-Chloropfcenol . . S o l n * A
i n  SOifil
2*0.01 01s. m • .  • •******•♦#**#.*•♦•* Soln .B
(6ml S o ln .il 4 5m 1 S o ln .B ) '
= 1 .0 0 0
'OHgSO^IIa] 1 1.000 
"PSieuol] * 0 .0 5  app rox .
Phenol de te rm in ed  by HSrOs * KBr
1 /2  EC I  a  R e s id u a l !4aOli a t  zero  tim e - 10.7ml 1 a ~  0 .919
Time fcl B/lOBk* * r e s id u a l  ; b ' ' . . . fet log  ^ /b - :
(mine) pheno l (b -y ) '. b»y SGak^t . kg -  X o g tltd O a k it)
0
SO
85
155
240
20 .5
19 .6
10 .7  
1 7 .5  
1 6 .1
1.046' 0*1886
1.096* 0 .4084 
1*172 0*8482 
1.274 1 .508 
Mean
3.01 X 10"5 
3.C-.
2 .9
3 . 0
3*0 x 1C” 5
QO‘
4&XE
Rate o f Hemet loft of Olf^SO I^a with K»»Chloropheaol
E o r s a l i t r  o f  41 laOII =0^998 ;
Sodium methyl aulj&ate -  Preparation i t  ** Parity 94*.l£
I n i t i a l  r e a c t i o n  ,. -25#05ai 41 BaOH )
' mixture -* J  0#6S4g m»ChXoropbenol ] i n  50ml*«#«&oln#A
9*001 Cif^SQ l^a* ♦*.*. .*••#**♦»♦•*• *SoIa*B.
(5ml 'Solzu&'>V 5ml Soln .B ) m ..'
'[lstOIf3‘- =■ 1 . 0 0 0  \ . ■ ■ ,•
', ; t e i 3ao4.!ia] * i*ooo ■ ■ ■ ■ *
'OPbeaofj =0*05 approx*
Ptiesol de term ined  b f  13*0$ «* EBr
1 /2  EC I  5 Besi& uai HaOii • a t  ae ro  t im e — 18.9ml t a  » 0*930' •
■ fim e m i 'l / lO B r  5 r e s i d u a l '  
(mins) phono 1 - <b~y) . : .
b
. . b - y . ,.' ... 60ak^t
■; - k<j log  
kg ~ log (I+ 60a& jt)
0 88.9. :: 4* ; *0
: 28 ' ' 1 ' 27.35;. ‘ 1.056 0.1766 (3 .8 )x  l ( f 5
66 2 5 . 4 5 ' : 1.136 • 0 .4163 4 .1
114 25 .6 ; ' 1*228 0.7191 4*8
1 7 4 ' '  v ' ‘ 21.85 1.322 1.097 4 .5
240 2 0 * 6 '. 1 * 40 0 1*514
Bean
■ ,‘;4*15
4 .2  X 10"5
b 8 8 .9  xy — M*c<3sncMit|iwt2x00
I
T357T? * 0 .0 4 7 4
•  100 *»
Bsm eri& eht 19 ,
Hat© o f  R e a c tio n  o f  0 5 * 8 0 /5a w ith  p**Chlor ophen©I
»waiflruiUmrawi*wiittuainiM«wniW^?ra,',iiiiwiiwi*iLft!«i« . iiiuti.ii]u»i»ii.iwrM,ii i t i m « ^
florm aU tj o f  41 XteCK- l* 0 0 g§
Sodium-s&thyl .su lphate * Preparation  1 -  P u r ity  -94*8$
I n i t i a l  r e a c t io n  • 04* ©Sal 41 MaOil I ■ ’
mixture ' /■* s ; 0*6425g p~Ciilor ©phenol I in  SOmi* *.* * »Soln*&
. ■ 2 . 0 0 M Cii^SO l^ssi * ••♦*********##*•*.** .SolniBi
(Srni So In* A 4 \5»a  SolxuB) /
■ [MaaO' ■ r l.OCO' .
:! [CH^SO^a] = i*000 ‘ ;v
• [Pfeenoll = 0*05
Phenol determ ined by EBrO  ^ *• EBr
u S l-  R e s id u a l  laOli at-' se ro  tim e *- IS*7®1 * a* 0*919
flme:::;;-Mi H/XOBr = r e s i d u a l  b i - , ■- . .k i lom
feln®)..- pheno l (to~y) • : ' b -y  . ' '60afejt : *2 * TogTnSOaki t
, 0 i o  ?  /J£* v * ^  . «*»,
3 0  : ■; y :,17 .8  V 1*085 r0*1835 _ 5 .3  X 10*5
. ; 75 16.05 1 * 2 0 4 0 .4715  . 5 .4
.1 4 0 14 .1 5 , 1* 365 0.8797 5*6
240 .- 1 2  # 3 ■1*066 1 * 508 5*5
.  Mean 5*45x. 1 0 " S
*■ : 1 9 . 3 ^  1
® .~ S S 8  S 157TT= -0.0474
Experiment 20 K
Rate' o f  K eactlon o f  OH -^SO l^a w ith p-Bromophenol
n o rm a li ty  o f  41 laOH - 1 .0055
3odlum m ethly su lphate * Preparation 1 <* P u r ity  04*8/?
I n i t i a l  r e a c t i o n   ^ 2-4* 95ml 4IVlaGH )
m ix tu re  * O.SSSSg p^Brom ophesol} i n  50ml* * * .So ln .A/ *
2  *W® Cil^SO a * * * * * * * * * * * * * * * * * * *  So In* 0
(5ml Soln.Ji + 5ml Ooln.B)
JaOli] - * 1*000 .
sG%SO^Ia] - 1 .000 
Phenol] - '0 * 0 5
Phenol determ ined fey KBrQ* ~ EBr
%pg
H/2HC1 s Kesidua.1 BaOB at zero tim e * 18.7ml .* a*  0*919
f im  »,f*i ■iw.i utw iwmi
T i me
(m ins)
h i  l / lO B r  s r e s i d u a l  
pheno l (b-y)
IV
»ei«timwnw
fc-y 60ak;jt
k, lo g  W y  
te2 = Io g l l+ 6 0 a k i t )
. . 0 '1 8 .9 5 •a* - -  ■ « fe
30 17.45 1.084 0.1885 5 .3  x u r B
75 -15.55 1.216 0.4713 5 .7
140 14*4 1 . 51& 0.8797 4 .9
240 10.15 1.860 1.502 8.3
want w i 'Mcwma i ■ mii
its an 5 .5  x 1C" 5
. 18.05 v 1 ~
0 idX&U 10*17 0*0465
jgojB : :  ';
Bate o f  Beaeticm o f  GHsSO^la. w ith  p-Brofsophenpl . .
n o rm a l i ty  o f  41 l a d !  a 0*995
Sodium m ethyl su lp h a te  ** P re p a r a t io n  XX,* P u r i t y  94*1^
I n i t i a l  r e a c t i o n  * 25*.1ml 41 laOII 1
m ix tu re  * 0*86£$g p -B roaopheno l) i n  80m l* .. .S o In .A
. . . . . . . . .  r
2* . *«♦..•••**♦*»*.*•« *#.S o ln .B
(5ml ,$oln*.A + &ml 3oln*B)
^  1*000
tci%S0 4 i i a l K i .o o o
[Phenoll ■ ®-0*OS 
Phenol de te rm ined  by 'KBrQg ■* EBr
ll/SKCl5 E e s id u a l  EaOIi a t zero time,*8 18.9ml -t a*  0 .999
Time Ml l / lO B r  5- r e s i d u a l  : to; fey lo&
(mins). phenol .,(b*y) b~y ©Gak^t■ :;k g s TogTI?6.Gakxt.)
0- ■ ■ 18-95'
p p .u j 1 7 .6  1 .0 7 6  0 .1 7 7 0  5 .1  X W *S
63 16 .1  '■ 1.177 0 .4191  5 .3
114 14 .7  1 .283 0 ,7240  5 .3
173 13 .35  1 .419 1 .085 5 ,4
240 12 .2  1 .553  1 .534 5 . 4 ____
l ie a n  5 .3  % X0“ 5
1 8 .9 5  _J«L --- — —.____ _to = 2x20 1 0 .1 7  = O.i
**• 1.03 •
.Experiment 21 .
B a t e ' o f  R e a c t io n  o f  OIUSO^Ka w ith  ' t>«»Zod0 nfcenol •
-r-n FiTf^iTinntB-iirMi'Wii nKwrrnnmimM ii>n»iiiwn>i> win ■ ■■ n »nw mm   mwimuaaai
f o r m a l i ty  o f  41 ■ Mam  * 0 .989  ; ; •.. .; -
Sodium, m eth y l e u lp h a te  ** P r e p a r a tio n  I I  -  P u r ity  '9 4 .1 #
i n i t i a l  r e a c t io n  # 25#25aal'41. laOII )
 m ix tu re  * . 1 .  log. p^io&oohenol J . i n  30ml* * • .  * .S o la .a■ > . ■ .. : ‘ ; , ■■'■■'■ ■ -
....-■; * ■. 2.003$- €kJ a 4 .  * * .* .r* .* .* . . .•* * *  »..»SoIn*B
. (5ml S o ln .A  + /5m l S o ln .B ) > , , .
• [laQIl] , *-1.000 ' • •
[CH-zSO^Ia] 1 .000 ~
■ ■ , ■  ".-[Pfeenoll = 0 .0 5
P h en ol d eterm in ed  by &BrOg. -  ICBr .
f/21101 s R e s id u a l  laOII a t  ae ro  tim e = l8 .7 m l 1 a - 0 .9 1 9
f i ia e  r i l  f /lO B r  * r e s i d u a l V  : k i 10 .3  V b - y
fo lna)  : phenol ( b * y ) , . 6 Q&k|t kg s.TogTl^OOakxt)
G 19*25 ... •* «*
23 17 .8  . 1 .081 0 .1760
66 16 .7  ■ 1 1 .153 0.4147
114 1 5 .OS ■ 1 .2 6 9 ,0 .7 1 6 3
172 ■ ,. i . ■ 14 .05  : : 1.371 , 1.081
.240 12 .6  . .. 1 .528  ,1 .5 0 8
5 .5  s  10
Mmn 5 .1  x  U T B
19.£5  _  ^ I  
b ^ f i i r  35 w m  = 0 .0 4 7 3
Hw w unrwnt nuu^m mm m
Bat© - o f  ••Reaction :o f  CH«s;S04IIa w i th  ■’o~ fitP opheno l
fo rm a lity  o f  4 f  IsSE* 0 .996
Sodium itietbyl su lp h a te  * P re p a r a t io n  X •  P u r i t y  94*8#
‘I n i t i a l  r e a c t i o n  * 2 $ .1ml 4 n faOH )
• m ix tu re  .^,*' 0 *68Sg- - o - l l t v ©phtao 1) i n  80ml* * ♦ * Soin.A
2 * 0 0 f . CHgSO^fa. *•♦'♦*#»»* •» **.**.**'•Soln.B
• (8 ml". Soln*A +' 8 ml ■ Soln .B ) - ■
‘ ' r  [Eaoaj ■ * 1 . 0 0 0  /
[CH-aSO^la] * 1.000 
[Phenol] ‘ a 0*08
Phenol de term ined  by EBrOg «* EBr
K/2E01 s ' B e s i d u a l  SlaCI! a t  B o ro -t im ©  = IS.Smi i' a  * 0 .9 9 5  •
fiBie tel- tf/lOBr » r e s i d u a l  ■ Jb,, \ log  ' V b - y
(mlns) pheno l "(b-y) . b -y  . 60afejt kg *■ logClTIOak^t)
«* 105 «*
iv .2'
.Hate o f  Reac t i o n . o f  CK*S0.fa w ith  m -B itreuhend l
.    m u ......h»*...«.«p   i n»v*.n.l*.lff,ii»ii■ ..........n..rfn ^ ^^ ^ r^ ^ ^ t..7^ i^ iyir^ |, fim m 'Mi
norm ality  o f  4H WaOH» 1*0085
Sodium m e th y l : su lp h a te  -• .Preparation. X -••Purity,. 94#8# 
I n i t i a l  r e a c t i o n  24*9Siul 41 KaOE )
4 ’ 0#8.95g m -iltrop h en o l J In  50ffil*>..Soln*A  
2#00i$ # ***#«*#••.#•****♦*#» So In  .3
(5ml Soin.A  + .5m l.Soln.BJ
m ix tu re
■ >
;] » i . c c o
[CH5 s 0 4 .ua] * 1 . 0 0 0  
LPhenoil - ©.05
Phenol -determ ined by KBrOg -  R B r1
iC l* R esidual RaOE a t :zero ..time * 18.75m l I a*  0.-931
f lm e ■ Ml B/lOBr a r e s i d u a l ; b
f a in s )
•W W W M H 1  twwmy*.. « e n
’ 0 . .
SO
.75 
140 
■/ 240
pheno l ..(b~yj . S - y '-•••. '60ak jt:  •• leg-
29*4
28.23
27 .1
25 .48
'23*65.
1*043 0*1889 - 
1*009 0*4723 
1*156 ' 0.8815 
1 .843 1'1*511
■ Mean
29*4 _** - 1 
b = 8x30 ■ TUTF? = 0 .0488
ter = XX* 35 x 10*5
2*7 *  10
2.6 ' x 10
n orm ality■o f  41 laOE » 1*0025
v  w  >, hmmhh ii linn <i w,ie‘ ■ ■' - ■ ■ m
$cdloKt m e th y l ' su lphate ** P reparation  I  *• P u r ity  94*8# .
I n i t i a l  r e a c t io n  24# 95ml 41 MOH , y  .
.' m ixture * 0*695g p^litr© phenol f in  100ml* * * * So In* a
■ ? . ■.-,50#tel $*. €H3 S0 ^1 a ; J
., th e  p»nitroph©nol was not eoE ip letelf ©oluhle and the  
s o lu t io n  was f i l t e r e d  (Whatman 10#54 paper)* • lO al a liq u o ts  
were taken fo r  tfee r e a c tio n *  ,
. .[: aoO • ' = l.C V )
[Cl\L0 | rla ] - 1 *0 * 0  ' ’
[P&enol] *.0*05 approx#'.
Phenol - determ ined to  EBrOs •  ItEr
1/2H01 s 'R e s id u a l . I&OH a t  ae ro  tim e - lS*75ml t a *  0*921* Hium — n niii'iTui'
t im e . Ml l/lO B r *• r e s id u a l •. t> . lei. log*
(m in e)-- p h e n o l . . . h - y / . ,  aOak^t kg a Xo§XX+$Oafcjt)
Experiment 25
m Of  €R«8Q*K w ith  PII?- • '^ *—~~ — -—-
.form ality o f  41 M l « £< 
Potassium  methyl su lphate
r ra re
. ,51.7ml 48 KCIL )
?yj 0 .941g Phenol j i n  100ml So In  #&
2 .0 0 aI Oil*zSOaj^ #♦ ***••*#♦♦***•»*.*kiolKi#B
v  * X '
(5ml Eoln.A +- 5ral.Eola.B3. fe® ! ' 1 ,0 22[GEgSO.K]--1 .0 0 0
?b«nel determined. by EBrO, -  KBr [PhenoIJ * 0.05
f/2tlCia Residual. EOH-at .zero. tim e* 18.75ml $ a * 0*921
5r s
Cnins) pheno l
05)
80
110
240
29 .05
26 .25
o 4 ‘2.61#3 • vD
21 .1
19.55
18.15
*«* i*y- ,0.0
*y i '
1.106 0.1857
1.192 0.5405
1*575 0*0810 
1.486 0*8970
1.599 ■ 1.176"  
1 .750  1.480
: Mean
0 .6  x 10*
■«7-
7 .0
o .
6 .9
6 .8
-.S^x ,-,**5
29.06 ,, 1
= S I T  A I5 7 W  = 0.0476
**. 1 0 8  m '
Experiment 26
Kate o f  Enaction o f  Cg&ctSOjKa: w ith  Phenol ■
Drt»   m im iiw i           wirr ^m c m m w rnm m ym iimv. TwniTwiiwwimwttn.MnnM wwnrtiiw *.»>
K orisa iity -o f 41 faCII * 0»9S9
So&itna' e th y l • su lphate *»■ 'K urity 93-8/5.. •> -
I n i t i a l  -reaction s,^60#6ml 41 laOH) ' .
mlxtnr© "'*] 0#94ig  Phenol ) I n : 100ml <* *■* ■♦*•*■* So In* a
2* 001 Cglig6 Q^ Ma * *.#*.#*#*»■*-** * * * •* 5s In* B
• (Etol Ool»*& + 5ml- Boln.B)
fcaOS] - - 1-000
[C ^ s S O ^ a ]  = .1-000 ' .
. [Phenol]' ‘ 0*05
Phenol' ..determined hf  KBrOg «* R8r .
E/2EC1s'Pteaidual flsOE at zero, firce -  19*85B’d  . t a = 0*965 ..
tim e lil. l/lO B r s r e s id u a l  Jbr *... f ii .lo g ..
Cmine) phenol. ,(h~yi ..... b - f  . . OOakj.t! kg -  IogTI+>60alc^t.)
1 0 ■ - 29*65. * «# •
40 23*85 ' 1.0284 C.0245 ( i . 2 1 )x  1 0 ” 5
■ 85 27*85 1.0661 0.0521 1 .32
150. . . ' 26*7 1.1113 C.07S7 1.41
180; . • 25*85 1.1473 0 .1103 1 .38
235 25*0 1.1378 0.1440 1 .34  . . . .
295 25*95 ■ Jut tU-UiSS? 0.1808 1.36
560 ■■ 22*6 ■ 1*3117 0.0206 1*43j^nfTTyT_irrr,**n> tiura iKmmrtwur wtin>Tmiy
£-ean l#67 x 10"®
■' 29*66 ^  ’■" 1 ■’. ' *6
b = SxSU ^ IS7T9 s 0*04#§-
k i «  1*045 x u r B
•  109
i:;:xi:M.cro o f  oe o f f  o f  fjeactioi* .
o f  sodium K i r m .  m m u ^ m  i i f B - t  ou
WMM.Miffif iwwi w ifii W im m   i m WWilirm ;
£  m l  a l iq u o t s  each of U/l5 phenol in  2 M  UaOH end 21 sodium 
msikgl sulphate s o lu t io n  were p ip e t te d  in to  6 x I 11 t e s t  tu b e s  and 
v a r io u s  amounts o f  a rh rd ro u s  sodium s u lp h a te  added* ' f i e  tu b es
, . r . p  '  . . ■ . .
■I’/oro sjoppared and i^ecreed  in  a b o il in g  water ba th  as fo r ifet 
standard method. Eft or 60 m inutes1 heating  th e  tubes-were 
removed* cooled* and. t h e - r e s i d u a l  phenol determ ined  bp th e  hrornate* 
bromide method# fhe r a t s  constant has been ca lc u la te d  in  each 
case# fhe  r e s u l t s  are  only sem i-quant I t  a t  ive  as (a) no account 
has been taken o f  the t in s  requ ired  fo r  the re a c t io n  mixture to 
reach 100°# and (b) whore large add itions  of sodium sulphate were 
male not a l l  o f  i t  went in to  so lu tion  d u r in g - th e  heating#
Added ■ MX 1/iO Er e  t
HagSD^ r e s i d u a l  b k |  log  ° / b ^
Cg) Conon# pheno l .(b-y) T>-f f 3 * *t  kn~ T igT l-^ O a k i t )
** 0 • 58*7 1*023 0 *4068 8*22
0.27 0*35 50*15 1*031 it ■ 8*29
0*7^' 0*50 57*7 - 1*040.- ?r 8*36
1# 1*0 ■ 56*S3 1*055 i t 8*43
2* S4^ 2*0 55*9 1.074 - 8*33
!llct a l l  th e sodium sulphate went in to solution : .
a = 1*000 (assumed) 
tel  = 11*33 * IC"5
•  110 -
hw m vzion o f  tc x^vm x r ^ s .  of bobcisqh AKp_gxxpg .
One ten th  of a mol© of phenol was placed in  a 100 m l' fts&ker# 
50 ml 10$ sodium hydroxide added and s t i r r e d  v ig o ro u s ly  with a 
mochasleal s t i r r e r  for a few minutes* 1 2  ml dimethyl sulphate
was t r a n s fe r re d  tc  a 250 ml E Je ld a h l  flash* slowly warmed to  100° 
in  a water bath '(SO m inu tes)  and kept there fo r  SO"m inutes* The 
.m ixture w a s •steam d i s t i l l e d 'u n t i l  no wore a n i s c l e  came over# then 
fo r  a fu r th e r  10 minutes* The' a n i s o le  was taken up in  e th e r*  the 
e th e rea l  ex trac t  washed cnee with 4$ sodium hydroxide* the e ther 
• e v a p o ra te d  on th e .s te a m  hath  and.the an iso le  placed l a  a steam 
'oven for one hour* a f t e r  th is  time no smell of e ther was 
dst-eetahle*  
m esuite*
was added and s t i r r i n g  continued for 20 m inutes* The mixture
r>:' I# taken
Phenol o**hitroohsmol 
12*9 g
<>< . Vol.* o f  steam d i s t i l l a t e  100 ml 1S50 ml
Y ield  of an iso le
Yield W of thecry)
9*4 g 
S7 : ,
Phene1 in. steam
0*3 g (0 .2 $ )d i s t i l l a t e
-  i l l  -
 ^ §f1!aI  glggXXiLATXOff OF pHhlOh FHOS AEAL11H SOhTfTlOI
' One f i f t h  mole o f  phenol (lB*8g) was d is s o lv e d  in  100 ml 10$ \
i
(2*SK) sodium hydroxide and atearn d i s t i l l e d *  (These a re  the
con cen tration s u sed  by hodgson and Eixoa* th e  q u a n t i t i e s  be in g
doubled.) ’ ’ The r a te  of d i s t i l l a t i o n  was 5 ml per minute* ' Ilia
. \ ■ . ; 
volume was kep t  constant* The f i r s t  SO m l 'o f  d i s t i l l a t e  was.
• I
used' to  o b ta in  an approxim ate .value' fo r  th e  pheno l conten t*  ;
P h e n o l 'was determ ined  on f u r t h e r  a liq u o ts  as d i s t i l l e d  h f  th e  |
!
fcrornate•bromide method*
• Vol* o f  d i s t i l l a t e  m l l l / lO 'B r  Uqnlv*  as phenol hg phenol p e r
(ml)' used  n o  Cffig) lOOval d i s t i l l a t e  •
f f* 1^ -^ iTi.n»ITii|Ui(iiilin*lTiCJ-i'i'ir'i-'f>*r'rr-TWiii> IIIWM T* i n»ii <»lii u m i i n i  - »|- in mnwiiriiiifT|-f->iiiiii!i WnuAMMW* * **'. ' iWii.-,«■*»!.> -m f **** «»».' aamwnlBWiBWWH e c » n c g * ^ » ^ < g t^tta>r m>ye«W«aarW<.i»iiw-^i*ui»»» ■ t tw w m m t
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. SO - : 33.65 40 .4  ■202 : ■
20 33 .5  40 .0  , 200
20 32.4  39 .8  ■ 1S9
kean 192
* 1 -  m l  h / 1 0  Br s. l * Q o  mg phenol.
Thus the steam d i s t i l l a t e  f ro m ,1 /5  molar phenol so lu tio n , in  2*51 
sodium hydroxide c o n ta in s  approxim ately 0*2;? phenol*
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I f  [ o r f  i s  la rg e  compared w ith  [oXhtl th e n  th e  (HgSO^Ka 
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IX D ifferen t CajSO^Ma and BaOB C oncentrations
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f o r i  ' * 2
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(a~x) in  b oth  r e a c t io n s *  
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kj.
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flie e x p o n e n t ia l . p o r t io n  o f  E quation  (6) on expansion  g iv es*
1 + I T
L +
In  th e  l im i t in g '  ease  where (&~p) is. ex trem ely  small# terms 
in v o lv in g  h ig h e r  powers th a n  1 o f  ..(a«p).&ay be n e g le c te d  and t h i s  
becomes
X ~
(6) now becomes-'
ISp* <*r
2» 505 ’ l og - /b -y  
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When a - p# t h i s  becomes
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k 2
P .303 log
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io g i i+ a k ^ t
which l a ; i d e n t i c a l  w i th  'Equation (3)
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P s r t  31
r/; h y~Qr;M:~y y jrn i,
m m r m p f i m
& m m hvv  o f  su b s titu te d  benzhydrois have r e c e n tly  been 
r e s o lv e d  i n t o  th e ir  o p t i c a l .isom ers and,the o p t i c a l l y  a c t iv e  
a lc o h o l  or d e r iv a t i v e s  th ereo f.u sed  to  i l lu s t r a t e  th e  phenomenon 
o f  a yzjt**oxygen f i s s i o n  (Kenyon et a l # 9 jT*C*S. 1042, 556, 6081 
1946, 797, 803, 807)# The r e so lu t io n  o f  p-'C hlorbenzhydrol was 
ca rr ied  out in  order t o  a s s e s s  th e  in flu en ce  o f  th e  p ~ ch lo ro  
su b stitu en t on th e  ease  of  alkyl-#oxygen f i s s i o n .  At th e  se re  
tim e a com parison co u ld  be ip.ade between th e  in flu en ce  .of the 
c h lo ro  s u b s t i tu e n t  in  th e  n s ra  and i n ' t h e  o rtho  p o s i t i o n s ,  th e
tKtW, * B T 9 iW#:«IOT J''
l a t t e r  having .been resolved by Kenyon e t  a l « ( J«C»g» 1946, 797)*
■An atte iip t was .&ade a lso  to. reso lve the S i4 i6-tr im ethory  de r iva tiv e  
which B i g h t  :.be a n t ic ip a te d  to- possess the property  of undergoing 
alkyl«#03sygen f is s io n  in  a very high degree# v
1 2 4  **
One o f  the commonest methods fo r  th e  r e s o l u t i o n  o f  o p t i c a l l y  
a c t iv e  a lc o h o ls  i s  t o  e s t e r i f y  w ith  a d ib a s ic  a c id  anhydride and 
r e s o lv e  th e  r e s u l t i n g  a c id  e s t e r  w ith  th e  a i d  o f  an a l k a lo i d a l  
base* Such a. method baa been used  w ith  g r e a t  su ccess  by denyon 
e t  &1#(loo# e i t # ) u s in g  th e  hydrogen p a t h a l i c  or s u c c in ic  e s te r s #
v • • . . . ■  . , .
The r e s o l u t i o n  o f  p»eUlorbensbydrol r ia  th e  hydrogen pfetfealate 
was c a r r i e d  out by t h is  method* The only  c r y s ta l U sa b le  alk& l- 
o id a l s a l t  o f  p -oh lorb en stydry l hydrogen putha l a t e  which co u ld  be 
obtained  was the brucine s a l t  u sin g  e th y l  a c e ta t e  as so lven t#  
D if f ic u l t y  was ea r ly  encoun tered  s in ce  c r y s t a l l i s a t io n  would only ' 
occur by slow e v a p o ra t io n  of a c o n c e n t r a te d  s o lu t io n  o f  the  s a l t ,  a t  
room tem p era tu res  d u r in g  which tim e th e  phth& lie e s t e r  slowly 
underwent h y d ro ly sis  t o  p~chlorb©nzhydrol and p h th a lle  sold* the  
l a t t e r  s e p a ra t in g  from so lu t io n  as th e  a c id  b ru c in e  s a l t*  Three 
c r y s t a l l i s a t io n s  of th e  l e s s  s o lu b le  f r a c t i o n  y ie ld e d  th e  Isevo* ^ 5 /  *  ■wwwlffWitrffii <WM
p*chlorben&feydryl hydrogen phtfealate *[<•*] f /.c i  •4*2° ^n a ce to n e |
•4# 9° in  chloroform# from th e  mother l iq u o r  c f  th e  f i r s t ,  
c r y s t a l l i s a t i o n  was i s o l a t e d  th e  dextro phth& late>
t f  mmb ww«i m*utam:> *  —»■ ftxy  * i»W  A
i n 'acetone# Tlie r e s o l u t i o n  was no t c a r r i e d  to  com pletion owing 
to  th e slow decom position  o f  the  hydrogen pfetfcalio e s t e r  by 
unavoidable, h ydro lysis#
By h y d ro ly s i s  o f  th e  o p t i c a l l y  a c t iv e  hydrogen p h th a lle  
e s t e r  w ith  sodium hydroxide in  non-aqueous m ethano l* p -eh lcrb en s-  
h y d ro 1 was obtained* t 1 * . 0 £5 «L 25 o f  tfee r o ta t io n  being  th e  same as 
t h a t  o f  th e  corresp on d in g .p h th a lle  e s te r#  maximum s p e c i f i c
s r o t s t i c j i s  w e r e  «s.s f e l l c w s ; -  ■ 1 *' ‘ U | .  . - e t j ». »  « « * ♦ »  * ■ J ft.
X  i V  » , U  !■ *». a ( »  j  * ^ M i **. j „ St $  I J
M'iv &
* *: • «, ■+' xr;*-
" “a  'w  4»
ch loyo lfem t £he p-cfclor bena&grdr o l  • reco v e re d  from tb s  mother
H 90 '
MSI +
ch loroform  in d ic a t in g  t h a t  decom position  o f  th e  p h th a l l e  e a te r  
d u r in g  th e  c r y s t a l l i s a t i o n  ta k e s  p la c e  w ith o u t raeem isa tlo n #
V
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All attempts to  e s t e r i f y  2s4s6-triEietViOsy’benz'aydrol"with
phth&lle*anhydride in  pyridine failed# t h i s  i s  not unduly 
su rp r is ing  as owing to the powerful t&ut©merle e f fe c t  of the 
metboxy grouo in  the ortho and nara pos i t ions  (see F a r t ' X, p*25) 
i t  w i l l  tend to behave as a t e r t i a r y  a lcoho l ,  and. such, a lcohols  
oar&ct he e s t e r i f l e d  by t h i s  method* In such eases i t  i s  necessary  
to  e s t e r i f y  by reac t in g  the sodium or' potassium, s a l t  of the alcohol 
with p h th a lle  anhydride I n 'benzene■ • (Fu l le r  and henyon, i«C»S. . 1904# 
1$5* 2304) and i t  la  possib le  tha t  t h e ' method would be applicab le
in  the p resent  case (although, t h i s  has not yet been tr ied)*
A lso , In view o f  i t s  s im i la r i ty  t©:a t e r t i a r y  a lc o h o l ,  i t  
would probably prove impossible to resolve via  an ac id  e s t e r ,  sine®
•* v  / • ,**gM^esoap
racem lsatlon  wcuU^almost inev i tab ly  occur on hydrolysis  of the  • 
o p t ic a l ly  ac tive  ester# Indeed, there  i s  only o^n© recorded ease 
o f  the re so lu t io n  of a t e r t i a r y  alcohol by th i s  method, namely tha t  
o f •methyl e thy l  i so -b u ty l  c a rb i ro l  by Doering and Zeiss {I# Amer# 
Ci’Kj. :>co. 1948; 70, 3S6S).
SiijS-Trimottio^ybanshydrol would bo ©xnectsd to show the 
property of undergoing alkyl-oxygen f i s s i o n  to an extremely high 
degree, since such a property  is '  manifested by p-mothoxybeazhydro1 
which possesses only one metboxy group (Kenyon et a l * , J*0*S* 1942,
•*' t # ! j » m » » w u w a »  tjmwww
,8* W-'i'V 8a,  ^^w v*w , J» , K?'-J ! f 9
p~Chlorbenshydr o l  has been resolved in to  i t s  o p t ica l  isomers- 
by f r a c t io n a l  c r y s t a l l i s a t io n  o f  the brucine, s a l t  o f  i t s  
hydrogen p h th a iic  e s te r  from e th y l a c e ta te ,  followed by 
decomposition of th e  a lk a lo id a l  s a l t  and a lka l ine  hydrolysis 
of the ad d .  phthallc ester* During the course of the 
f r a c t io n a l  c r y s t a l l i s a t i o n ,  tlie a lk a lo id a l  s a l t  s low ly  
decomposes to  p-elilorbens?uy dr o 1 and brucine hydrogen put ha la te*  
£he less  soluble a lk a lo id a l  s a l t  i s  the brucine s a l t  of laevo
■aim  « » m w i  ata* W a i
p-ehlorbenzhydryl hydrogen phthal&te* from the mother liquor 
th e  corresponding dcxtro nhthalate  can bo isolated# On 
a lk a l in e  h yd ro lysis ,  o f  the o p t ic a l ly  a c t iv e  plithalie  e s te r s  
the corresponding ea rb in o ls  are obtained with the SSi.w,(p' s Ign 
o f  r o ta t io n  as the parent  pUtaalic  esters*
Attempts to  e s t e r i f y  2 14 *€»tr i&etho^benzhydrol r e s u l t e d  in  
f a i lu re *  i b i s  i s  a t t r i b u t e d  to  the s im i la r i ty  between t h i s  
carM nol and t e r t i a r y  alcohols which l a t t e r  cannot bo , 
e s t e r i f i e d  b y . t h i s  method* '
*» 1 2 0
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Prepara t ion  of - p~Chlorbenzhydroi'
This was c a r r i e d  o u t •by reduction of p-ehlorbenzophenone
(prepared from benzoyl chloride and ochlorobenzene by the Friedsi~ 
g ra f t s  r e a c t io n  according to  Gomberg and Cone (Ber♦ 19C6* 59* 3278}] 
u sua l ly  with zinc dust and a lcohol ic  sodium hydroxide#
Reduction. wittr  g-iyKg .dust  and a l e oho lie, sodium hydroxide* p*Ctilor- 
benzophenone. (24g) was d isso lv e d  in  hot a lcoholic  sodium hydroxide h 
so lu t io n  (24C.ml of 1 0 $ )  and cool,ed* whereby p a r t  o f . the \  feet one 
was p r e c ip ita te d  from solution#, Rine dust (24g) was ac|ded aM  the h 
mixture s t i r r e d  mechanically* The temperature rose 2*#5° and the 
k e tone went, completely■ in to  so lu t ion  as the rea ct io n  proceeded* 
B t i r r in g  was continued for 5 hours a f te r  the temperature had ceased  !.j 
to  r i s e  a n d  the mixture stood overnight* I t  was then brought to 
the b o i l  and f i l t e r e d ,  the zinc dust washed with a l i t t l e  b o i l in g  
alcohol and. the cooled a lcoholic  so lu t ion  poured with s t i r r i n g  1
in to  five volumes of water containing- a s l i g h t  excess-o f  hydro­
ch lo r ic  acid* - After standing for' sev era l days the earb inol was 
f i l t e r e d  a t  the pump, washed with cold water and d r ied  on a porous ;|!
plate* The Impure carb ineI  was r e c r y s t a l l i s e d  four times from 
60-80° l ig h t  petroleum* H e l d ,  I7g (71R of  theory)* h#P* 58*5« 
59*5°*
Holes t  (!) The reduction cannot be ca r r ied  out in  b o i l in g  alcohol
7 Weew«*6sn«#Mi s^wwaipsW" .....  ■ "' - "M
as nuclear condensation occurs to give a m ater ia l  of h*P*^ 200°#
(2) The carh lno i  cannot be p u r i f i e d  / y  d i s t i l l a t i o n ,  even ij
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•at 0*£mm p ressu re ,  the main product o f  heating  being p**chlor- \\
benzhydryl e th er-  - ’ |
|l ;j;
Peduction with & odium amalgam* p~Ohlcrbenzoplienone (5g) was |
added to' 90$ ethanol (100ml) followed by 2 |$  sodium amalgam in  |jj
small amounts, a t  a ' t im e  -with sh ak in g 'u n t i l  a l l  the ketone bad . 
gone in to  solution# and then a ' l a r g e  excess ( to t a l  75g# t h e o re t i c a l  |;-j 
40g)# T m  mixture was • stood, overnight and the a lcoholic  layer jvIn I 1
poured in to  water (450ml)' containing an excess of hydrochloric 0
acid* fbe white .p re c ip i ta te  was f i l t e r e d  a t  the pump# washed.- . ji: 
with, water# d issolved in  ether and dr ied  over anhydrous sodium 
sulphate* The ether 'was d i s t i l l e d  o ff  and the c&rbinol r e c r y s t -  
a l l l s e d  twice from 80*80° l ig h t  petroleum* Yield# 2*Sg* k*P* 
5 8 -8 0 ° .
deduction with aluminium iso -n r  op oxide*'- The fcs er we in*? ondor f  f -
♦rufwn ipjm.1 o kii n.cr w*»n nuiin »ijiimii. ci«iwi*»*** » i1t^ »»n i*irrmiirniii»»»» tiwi»ni>ii>i'*iw*«ww W*;* im *wi il iii i |ftMiii]«iii iiMi*mrwAi»« irim  mi r iinmriTiniiiiwiinniiin'iirnii
Varley reduction  with aluminium iso^propoxide according to  I#und#
(her# .1957# 70# 1520} was also employed successfu l ly  to' completely 
reduce a batch of ketone which had been p a r t i a l l y  reduced with 
zinc and a lcohol ic  sodium hydroxide*
P re p a ra t ion of  p*»Chlorbenzhyflgyl  hydrogen Fhthalato ■
Phtha l lc  anhydride (14g) was p r e c ip i t a t e d  from bo i l in g  
r e d i s t i l l e d  anhydrous•pyridine (8g# 1*1 equivs*} by cooling rapid ly .  
p»Chlorbenzhydrol (20g, 1*00 equivs*) was added and the mixture 
s t i r r e d  to a homogeneous mass# The mass gradually  s t i f f e n e d  . 
and sot so l id .w i th in  a few hours* I t  was then heated  for 2  hours 
a t  60°# cooled# and d issolved in  acetone* The'acetone so lu t ion  
was poured with s t i r r i n g  in to  ten  volumes of  water containing a
** 150
s l i g h t  excess  o f  b y d rc c h lo r ic  a c id .  ■ Tha impure p k th a la t e  was 
. f i l t e r e d  off#  tak en  up in  o th e r  and e x t r a c te d  with. 5 /  sodium 
ca rb o n a te  .so lu tion*  ' The a lk a l i n e  e x t r a c t 1 was f i l t e r e d  and run  ■ 
i n t o  excess h y d ro c h lo r ic  acid* The p r e c i p i t a t e d  phtfcalate. a f t e r  
s ta n d in g  o v ern ig h t was. f i l t e r e d  a t '  th e  pump# washed w ith  water# 
and d r ie d  ligpmewo -over nono* s u lp h u r ic  acid* ' • I t  was r e e r y s ta l~  
\ f s e d  from benssen© to  a o n e ten t m e ltin g  p o in t#  E»P* 158°* ■
molecular wo?.-' t  determination* The p h th a la t e  ■ (0*5d ) was d i s s o l -  
red in  1 1 1  acetone«»ethahol (2Gul)■ and t i t r a t e d  rap id ly  with 
standard 1 / 1 0  sodium hydrox ide  to phonoXphtha I e i n ♦ . A correc t ion  
was applied for th e  s l ig h t  a c i d i t y  of the so lven t*  -
15.62ml K/lO KaOlI was required  to n e u t r a l i s e  0.4297g hydrogen 
p b th a la te
lO.COGrcl 11/10 KaCK S  0.4997 x 10.000 ' = 360.73-
I l . o l
Attempts were made to c r y s t a l l i s e  the bruclno*' c in c h onidln©
and cinchonine s a l t s  of the hydrogen ph tha ia te  from absolute ■
m ethanol#' 92/ ethanol# acetone and e thy l  acetate* . ■ The ph tha l& te  
(l.OOg) was 'dissolved in  3ml of the solvent# usually  by warming 
g e n t ly  and t ’oe e q u iv a le n t  w ©igo.i o f  &xuiydrous a l k a l o i d  addod 
(brucine# X*~03g;-e in eh o n ld ln e  and'cinchonine# G*80g)t . Solution
was e f f e c t e d  by warming and the so lu t ions  were allowed to  stand
in  u n s to p p e re d  flasks* Xs a l l  c a se s  but one no c r y s t a l l i s a t i o n '  
occurred# the solvent evaporating o ff  leaving a glass* The 
exception was the c r y s t a l l i s a t i o n  of the b ru c in e  s a l t  from e thy l
T h e o r e t i c a l  Koleoul
hepoin tfor  of p^Chlorbenahydryl hydrogen1 Fhthala te
a c e ta te #  ' ■ ' _ ■ jn
The c r y s t a l l i s a t i o n  o f  th e  brucine s a l t  was r e p e a te d  u s in g  ill
f iv e  t is .es  th e  above q u a n t i t i e s #  The p r e c ip ita te d  b ru c in e  s a l t  
(3«lg) bad 1X3° {with deeomp#)* I t  was d is s o lv e d  i n  ace tone
( 8 . 5 m l ) ,  hydrochloric aeid(8*2ml H) added and water added to  50ml*
The p r e c ip ita te d  plat ha la t e  was i s o l a t e d  and., p u r if ie d  by d is so lu t io n  |.|
i n  sodium ca rb o n a te  s o lu t io n  a s  d e s c r ib e d  above* „ f i e l d ,  l* 3 lg
' ' ! ;■ 
( th eo ry  l#49g)« - &*F* 1 4 2 -5 ° • T est fo r  brucine w ith  n i t r i c  a c id
r 1  r>~. 'Iwas nega tive#  L ^ J  *1*43° (c ,8*4s 1,1} i n  acetone* : j|
A ttem pts to  c r y s t a l l i s e  th e  b ru c in e  s a l t  o n , a  la rg e  s c a le  j j i
were u n su c c e s s fu l  owing to  th e  slow r a t e  o f  e v a p o ra t io n  o f  la rg e  A
volumes o f  so lv e n t  and th e  i n s t a b i l i t y  o f  th e  hydrogen p h th a la te *  j ' ; J
A s o lu t io n  o f  phthalate (83g) and b ru c in e  ( 8 % )  i n  e th y l  a c e t a t e  H
(250ml) was l e f t  u n t i l  th e  s o lv e n t 'h a d  com ple te ly  ev ap o ra ted  and jl
k e p t  fo r  5 years#  . By t h i s  tim e th e  b ru c in e  s a l t  had  com plete ly  :ij
decomposed to  p -c h lo rb e n sh y d ro l  and b ru c in e  hydrogen phthalate#. 
m*P* 2169* In  an o th e r  experim ent a . s o l u t i o n  o f  p lit laa la te  (YGg) A
and bruc ine , (75g) in  e th y l  a c e t a t e  (250ml) a f t e r  s ta n d in g  f o r  3 A
days i n  an open f l a s k  formed a s l i g h t  p r e c i p i t a t e #  T h is  d id  no t jp
r e d i s s o lv e  on h e a t in g  bu t th e  amount o f  p r e c i p i t a t e  r a p id ly  (:
in c reased *  • From th e  p r e c i p i t a t e  was i s o l a t e d  b ru c in e  hydrogen 
p h th a la t e  (2 0 g ), £.;♦?* 216U* p -c h lo rb e n z h y d ry l  h y d r o g e n p h th a la te  
( I 2 g ) ,  m*F* 149-150° and p~chlcrbenahydrol Cl#Sg) , £».?. ".5 9 -6 0 °• A
: 5
from the  s o lu t io n  w a s , i s o la t e d  p*chlorbenshydryl hydrogen p h th a l*  ;j
a t e  (58 g )* A#P* 150-2° and p»cblorlben2hydroi (9g)# M#f *, 59-60°• g
The l a t t e r  was o p t i c a l l y  in a c t iv e #
' ! i
In  view of th e  above r e s u l t s  a f u r t h e r  experiment was earri«<l j j
- 1 3 2  -
out as fo l lo w s? -  p-Clilorbenzhydrol (5!%) and brucine (6 9 .4g) 
d is s o lv e d  i n  e th y l  a c e t a t e  (275ml}. was f i l t e r e d  and div ided  between 
e le v e n  ICCml con ica l f la sk s#  Bach f la s k  was seeded with a c r y s ta l  
o f  th e  brucine s a l t  and s tood  unstoppered for  4 days. The solutew  
l e n d e r s  decan ted  from the p r e c ip ita te d  brucine s a l t  and. further  
c r y s t a l l i s a t i o n s  c a r r i e d  out acco rd in g  to  the fo l lo w in g  scheme8*•
>ruclne. hydrogen phthalate
p t e . c r 4,  S o ln .xa
.p le te ly  s o lu b le  in  b o i l i n g  e th y l  ace t a t e r e  f u r th e rw i «
m
c r y s t a l l i s a t i o n ’was c a r r i e d  out th e  s o lu t io n  was . f i r s t  . f i l t e r e d .  
I n d iv id u a l  s o lu t io n s  combined* ■ - - ; ■ ,
Treatm ent of  p r e c i p i t a t e s * The hydrogen phthalate  was i s o l a t e d  
as  d e s c r ib e d  above fo r  th e  sm all s c a le  experiments* 
t r e a tment of. s o l u t i o n s . These were evaporated' to. dryness  o n . the 
.steam b a th  and d is s o lv e d  in  a m ixture  o f  e th e r  and  d i lu te  hydro­
c h l o r i c  a c id .  T m  a c id  la y e r  c o n ta in in g  th e  b ru c in e  was ru n  o f f  
and th e  e t h e r e a l  l a y e r  washed tw ice w i th  d i l u t e  h y d ro c h lo r ic  a c id .  
The l a t t e r  was th e d  e x t r a c te d  r e p e a te d ly -w i th  5;| sodium c a rb o n a te  
'so lu t io n  u n t i l  no' more m ater ia l was ex tra c te d . The a l k a l i n e  
e x tr a c ts  were f i l t e r e d  and run in to  excess  d i lu t e  hydrochloric  
a c id .  The p r e c ip ita te d  hydrogen p h th a la t e  was th en  i s o la t e d  as
-  1 3 3  «
above • Trie e th ere a l l iqu or a f t e r , ex tra c t io n  w a s , dried  over 
anhydrous, sodium su lp h a te  and th e  e th e r  removed on th e  steam h a th .  
p^Chlorbenshydro 1 was I s o l a t e d  as an o i l  w hichs s o l i d i f i e d  on c o o l­
ing* . The y ie ld s  and m elting  p o in ts  o f ' th e .v a r io u s  fr a c t io n s  are 
given  below*
Fraction  - Compound Y ie ld  {&}' IvuP*
tin* n « * w*w «>w aw - iw**n r m »  w w i ^ . r t iriiiiw w taM M BWt#  niin r;if iirr iir** i n ^ f c i i in n w w r i  • — a t K m w U M
* XS p~Chlorljexi2 ii3'drj'l U pUthaiate 15 146
I d  " 6 182
. a i  * 3 141-3
Cl « 1 .0  150
, Bb * . 1.0 148
Q 155
55
mxtvwnM
-1C 5 p-Chlorbsnaihydrol 7 51-4
I S  - ” ■' 2 .5  £0
Cl " . . .  0 .5  4S-54
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(-}j>-Cl'ilor-b0 Hzb.yd.T?yl feydrcsgea p h th a ls te .  She hydrogen phtfealate 
f r a c t i o n  ho  on r o c r y s t a l l i s a t i o n  from bensene su ffered  no change 
i n  M*P* o r  In  s p e c i f i c  r o t a t i o n .  - E o la tio n s  were as  follow s# 
(c#13*3| 1*1| t#20°. in  a l l .  cases.) 8- .
Solvent M  5461 M o 7 8 0  W  6893
mmwwrwiwr ni'wrnuWHianti&mm-mswtm  .ihw«wmmwh*.ih.||wii»w iw  rtinnmnuiiiunu-ruTnminf
Chloroform - 4 .9 °  - 2 .7 °  -2 .5 °
Acetone -4*2 -4*2 -5*B ,
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(•Mb-ChlortJensshr-r'iryl Swaronexi phtfealate. 'The hydrogen pat’a.alate 
fraction-X 3 on r e c r y s t a l l i s a t io n  from 'bensene' su ffer ed  b o  change . 
i n '  h«P♦ S p e c i f ic  r o t a t i o n  in  ace tone  ( e ,2 5 .7 ;  1 ,1 )  /  [°{| ^L-, + 1*1' 
Decomposition o f  the bydro&en nhthalates* p-ChlcrhenzhydryX
mwi i- - iTir~~iiriiiiitn—  T" "in —in n ir i^m~ ~r~m i— i— r -------------------- ~mf Ti 111-— 1 ~'t*..............  "—rn—r*---T “ t  i t i - i-1-)— r -*-1- - - ' —— rr
hydrogen pbt'aalate ( lae^ o , 6gj dextro> 7g) was dissolved In SOml 
bo i l ing  methanol, 5m! 40$ sodium .hydroxide so lu t ion  added, and
heated on the steam bath for 10 minutes, during which time a 
copious p re c ip i t a t e  o f  sodium hydrogen p t i a l a t e  formed* 7<!ae 
mixture was co o led , d i lu te d  to  260ml with, water and ex tra c ted  with 
ether# $he e th e r e a l  so lu t io n  was washed one© with d i lu te  a l lm l i  
and dr ied  over anhydrous sodium sulphate* . On removing the ether 
by evaporation a t  room temperature the p-chlcrbenshydrol c r y s t a l -  
U sed  out From the laero rh th a la te  was obtained the laevo
c a r b in o l  (Sg), h . f *  54 -6 ° , and from th e  dextr© - ph tha l& te  was
*'■ iwwi'i iiun' i^wi .mannaw m.b«. '**'
o b ta in e d  th e  d e r t r o  c a rM n o l  C%), P .P .  50~4°*
(m)p*»CblorbengQ.ydro 1* S p e c i f ic  r o t a t i o n s  in' v a r io u s  s o lv e n ts
w e re •a s  fo llo w s ( l # l j  t , 2 0 °  in  e l l  e a s e s ) s-
£olvent c W b«61 . MsTSO
iiew.ne«w»<Miei‘ys*.»*»«-Ww v m  «g» wmwanKniw# *Wwiww manaafsea»
Acetone 13 .5  -2 1 -7 °  -2 0 .4 °
E thano l (99;!) 6 .7- - 2 2 .2  -2 0 .5
E th y l  a c e t a t e  6*7 -87*6 -8 4 .3
Chloroform 6*7 . -39*0 -3 4 .1
B enzene '. 6 .7  -34*6 -31*6
-18*7°
•S3 *4
-32 .1
•2 9 .9
lo  change In  ro ta t io n  was observed when the s o lu t io n s  were stood, 
overnight ,  or on r s c r y s t & l l l s a t l o n  of the carb ine!  from 60-60° 
l i g h t  petroleum, F.F* 58°*
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(•»}p*.Ohlcr,bengb.ydrol» ‘ S p e c i f ic  ro ta t io n s  in  chloroform (c*20j 
1*1
l , l | ' t * 2 0  ) ' were os follows
' M  B461 
1 5  . . 5
5780 5893
|?^Chlorhen^hyg.ro l l? f rac t io n  X5» Specif ic  r o ta t io n #  14*2
Cc#20s 1*1) in  chloroform*
h a lo  ws© p re p a re d  bp th e  fo l lo w in g  two a l t e r n a t i v e  motho-ls?**..
11 f/^o'i j i  t ri rb.|pyberroph^^ . The isethod was e s s e n t i a l l y  the
nzlu© as  th a t  given bp fiefh end  O rganic  Syntheses* .*
Coll# Vol* IX* p*f>22# fo r  the p repara t ion  of  phlor&cetophe&ono*'
>
n i l  reagents  wars c a r e f u l ly .  dried  as directed#
20|j Co# 16 m ole) p b lo ro g lia c in o l-a n d  C0#S2 mole) benso* 
n i t r i t e  were d is s o lv e d  in  80&X e th e r  co n ta in e d  i n  ceSPCisl f i l t e r  
f la sk *  4g f i n e l y  powdered f i  "* s in e  c h lo r id e  e s s  added* th e  
f la s k ,  c o o le d  in  an Xce-s&lt m ix tu re  end o c c a s io n a l ly .s h a k e n  w h i ls t  
a  r a p i d  s tream  o f  dry  hydrogen c h lo r id e  wss p a s sed  th r o  *
ivetfecct a.
0CH3
„ Hct +Z+LCL
OCH,  ---------------
m ■e.Wt.-tf
OCOCH
+ KJaOH
OCOCH
hotbed B
-  137 -
l i t e r  about 1 0  minutes an .orange-yellow p re c ip i t a t e  began to form* 
hydrogen chloride  was passed in for  two hours  * t h o . f l a s k  -stoppered  
end' kept overnight In an lee efcest# $he following day bydrogeii 
ch lor ide  was passed th rough  fo r  a fu r th e r  two hours* the f lask  
stoppered and stood for f ive  days In the lee chest during which 
time t h e  p r e c ip i t a t e  formed a s o l id  macs on the bottom o f  the f lask*  
gjie e th e r  was decanted* two p re c ip i t a t e  broken up and washed by 
decan t a t  ion  twice w ith  2-0. ml port ions  of ether* I t  was then 
t r a n s f e r r e d  with 1 0 0 0  ml of hot water' to  a, 2 0 0 0  ml f lank and 
ref.lu ited  vigorously fo r  two hours# During the b e l l in g  a heavy 
brown o i l  separated# hue hot so lu t ion  wao f i l t e r e d  through a hot 
water funnel '( the  brown o i l  so l id ify in g  on the f i l t e r * )  and on 
cooling the f i l t r a t e  the phlorbensopbenone separated as yellow 
needles together with a . s m a l l  quanti ty  of  pale yellow square  
prisms#- T a e  l a t t e r  could ea s i ly  be s e p a ra te d  by decanting tbs 
aqueous suspension of toe pblorbensopfcencne when the prisms 
remained behind owing to  t h e i r  r e l a t i v e l y  1 * d ens i ty* After 
washing with water and drying on the pump they malted In stages
a. \J <v |s a +- a. t  <£_
over a range of 90^X50°* T e e  .mother l iquor was b£44»c!--down to 
£ 0 0  ml and on c e d i n g  a fu r th e r  crop of pbiorbensoplienone was ' h
obtained together with e l i t t l e  more pale  yellow' m ater ia l  which w*
> . , /  ’’ was separated as previously* i 'dU pale yellow m ater ia l  togpther
-
a
U
with the residue from the i n i t i a l  hot f i l t r a t i o n  was added to the 
mother l iquor  and r e f l a t e d  v ig o ro u s ly  for  a fu r th e r  two hours and 
f i l t e r e d  hot* whereby a fu r th e r  crop of ketone'was obtained# bhe 
combined, product was dried in  the steam oven* ■ Y ie ld  2Sg (71$ of h
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t h e o r y ) .  i i .P . 152-3°. : . • '
. . On r e c r y s t a l l i s a t i o n  from 900 ml w ater t h i s  gave I8g- m a te r ia l  
(4% i o f  t h e o r y ) .  n .P .  1 6 4 .5 ° .  ■
. Considerable d i f f i c u l t y  was e s ^ e r ie n c e d  w ith  th i s  preparation# 
the above y i e ld s  be ing  th e  b e s t ,  o b ta in e d  in  th e  course  o f  e ig h t  
s e p a ra te ’ experim ents* I n  a l l .  cases  the ketiroine hydrochloride 
appeared to pffis-c i pit-ate- successfu l ly  during passag e  of the hydrogen 
c h lo r id e #  Eewever# on hydrolysis  and c o o l in g  the phlorbenzophen*  
o n e  was accompanied by a var iab le  amount of orange hexagonal prisms 
i d e n t i f i e d  as  p h lo r e g lu c in o l  dihydrate* In the most u n fav o rab le  
experiment the y ie ld  of ketone was nil*  the majority  of the p h io ro *  
g lu e in o l  being re co v e re d  unchanged* ...., The p h lp ro g lu c in o  1 o-ould 
r e ad i ly  be separated  from th e  feetone owing to  i t s  much grea te r
~ ■ - "Id e n s i ty  by suspending th e  p r e c i p i t a t e  i n  th e  mother- l iq u o r  end  ml
d e c an tin g  th e  ketone* The conditions fav o u r in g  th e  cleavage of 
th e  k e t im in e  ch loride  in s tead  o f  i t s  hydrolysis  to the ketone 
(assuming tha t  the ketimine chloride w o b  f o r m e d  in  t h e - f i r s t  p lace)
«oi*Baa»ew
cou ld  not be discovered* fixe conditions used by Hoes oh in  h is  
o r ig in a l  paper (Ben* 1915# JB# 1131) whereby the ketimine c h lo r id e  
is- f i r s t  co n v e r ted  in to  the c r y s t a l l i n e  ketimine sulphate p r io r ,  t o  
h y d r o ly s i s  were t r i e d *  The y i e l d  o f  feetone a f t e r  h y d ro ly s i s  was 
n i l#  on ly  p h lo r o g lu e in o l  b e in g  recovered*
2*4s6«#,? r i a c e t y l  bensophenone* This was p re p a re d  by 
a c e t y l a t i n g  phlorbenzophenone w ith  a c e t i c  anhydride i n  th e  p resen ce  
o f  p y r id in e  acco rd in g  to  F reudenberg (Annalen# 1923#.433# 230)* 
Y ie ld  of crude  p ro d u c t was 100$ T his  was r e c r y s t a l l i s e d  f i r s t l y  
from g l a c i a l  a c e t i c  a c id  and then from methanol* &.P* 97*5-
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99#50 '(u n c o rr* )*  .......
. ';■■ : &*4f''8-T'r.imetboxyhen£0nhenone* - ' T h is  was .n reo a red  by :, 
M r c c t  K e th f l a t i c n  o f  t r i a c e t y l  bexusophenone’w ith  d im ethy l su lp h a te  
and a l k a l i  i n ■ b o i l i n g m e t h a n o l ■ acco rd in g  to  Freudenberg (loc* e i t »)* 
Tlw  t r f a c e t y l  • benzosphenoiao..- need n o t be - . re C ry s ta i l l s e d  p r i o r  to  . 
met by l a t lo r u  ■ Y ie ld  o f  crude t r  dm stlxoxyhe nz opfee none vrns 100$ '•
ti
113-11A0 * r '
fm  a l t e r n a t i v e  method o f  p r e p a r a t io n  = b y •d i r e c t  s se th y la t lo n  ' .. 
o f  phiorbensophenone w i th  d im e thy l su lp h a te  and a lk a l i : a c c o r d in g  - 
to  Xam&shita (Tokio Xmi;* Univ#* Science R e p o r ts* -1st*  S e r ie s#  1929# 
18# 609) fo r  th e  co rresp o n d in g  4 , * n i t r o  d e r iv a t iv e .w a s  a lso , t r ie d # '  
bu t only  p a r t i a l  a e th y l a t i o n  was a t ta in e d #  '.
method Bs 2?4s6-Trimethosybenfcophecene• The Eocsch r e a c t io n
*K »iiwir>iiB.w»wBi WBa.m.»»#wMt«i.''>i*ww>iijanr-#iiii>ftwr’irT.y»i»'i>»n»w*ir»< mffymriuffmcwn wgfrai.n
between t r im e th y I phlcroglucino 1 and bens e m i t r i l e  was c a r r i e d  o u t 
e x a c t ly  a s  d e s c r ib e d  fo r  th e  p r e p a r a t io n  o f  phlorbensophencne*
From 5*6g {1/30 mole) trlm ethyl p h lo r c g lu e in o l  and"6*9g ( l / l S  mole)
benssonltrile was o b ta in ed  6* lg  trim etuo^ybensophenone (67$ o f  theory) 
Ho d i f f i c u l t y  was experienced w ith  t h i s  p re p a ra t io n #  u n l ik e  th e  
co rresp o n d in g  p r e p a r a t io n  o f  phlcrbenzcphenone*
2 ; 4f S^Trime thoxybeixshydr o l  ■ ' -
4rswra^.ijww«#hJ)g»i«t>«wWMaraft ‘W,T-iwaiiw m ii'i nn u nbF.QUV'WMimBVwwa<.w■ j*m> ^ . .n  •*»>#* » •»»!»« •»*«*
Z ' . l f ' . t - t - f - c
method (1 ) deduction' of^methoxybengophenono with sodium amalgam*
lg  o f  .2j 45S*trim ethoxybensephenone ' was d is s o lv e d  i n  10 m l .o f
hot rust h a n d  a n d 'p re c ip i t a te d  by c o o l i n g ' the  - s o lu t io n  rapidly*: ■ 
C'Og of 2*h sodium amalgam was added In  small port ions  w ith  •• 
frequent shaking* \ After' standing for  s ix  days- a small amount of
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m ater ia l  in  suspension was f i l t e r e d  off  and.the a lcoholic  so lu t ion  
poured in to  1 0  volumes of cold water with s t i r r i n g #  The s o l i d  ■ 
p r e c ip i t a t e  was f i l t e r e d  o f f ,  washed well with water and' dried  on 
the pump* h*P* 115**116°* The p ro d u c t was r e e r y s t a l l l s e d  from 
ethanol as white needles ,  Ik*P* 118-18Q0*
method Ci l )  d e d u c t io n of Sg4;S*trimethoxy'be.ngO'phenone with ...a ino  . 
dust in  a lcoholic  sodium hydroxide
& so lu tion  of :£ j-trlmsthOKylbenEophenone (5 g) and sodium 
hydroxide C5 g) in  ethanol (50 ml) was re f lu re d  with sine dust 
(5 g) for 5 hours on the. steam hath* The so lu t ion  was f i l t e r e d  
hot a t  the pu&p and on"cooling the e& rbinol separated* I t  was 
f i l t e r e d  o f f ,  suspended i n  SCO ml of water and d i lu te  h y d ro c h lo r ic  
' a c id  added u n t i l  the l iquor  was j u s t  acid'* The pro d u c t was 
f i l t e r e d ,  washed with water and dr ied  on the pump# f i e l d  4#lg  
CcSf o f  t h e o r y ) , i* r*  123*5-124#6°# . One r e c r y s t a l l i s a t i o n  from 
methanol ra is e d  the k*V* to 124-125° (u n e c r r #)% fu r the r  
r e c r y s t a l l i s a t i o n  produced no change*
£na l y s i s  ?«■
Calculated Found
Carbon . 70*00# ’ 69*57^
hydrogen 6*57 6*87
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a t te m p te d  Preparation o f  2*4s0«Trimethoxybenahyaryl bfdroven  
Fhth&l&t®
1* 0*54 g plat h a llo  anhydride was p r e c ip ita te d  from b o i l i n g
pyrid ine (0*32 g# l . l  eq u ivs* ) by coo lin g  ra p id ly ,  and 1*00 g (1*0 
equi¥«) 2s480-trim®fhcxybensay&roi added* The ■ f ix tu r e  was w e ll
s t i r r e d  and. s to o d  overnight d u r in g  which tim e no obvious r e a c t i o n
wainln'mect
occurred* .• I t  was t h e n a t  6 0 °  for  three hours* On co o lin g
a . _
the now homogeneous mass i t  s e t  to  a s o l i d .  A f te r  s tan d in g  fo r
.. ^
one week a t  room'temperature i t  was d is s o lv e d  in  2 ml o f  ace tone
and poured In to  40 .ml i c e - c o ld  1 /1 0  hydrochloric, a c id .  A whit® |i
.^ rgummy m a te r i a l  s e p a ra te d  etrfc which on s ta n d in g  g ra d u a l ly  bee am® -4
' : !1
more v i s c o u s • and. a f te r  two days began to  c r y s t a l l i s e .  C rysta l!!® - 1
'  . ■ i;
a t i o n  was completed by s ta n d in g  one day a t  0 ° .  The p roduct was ■ h
f i l t e r e d  -S^ - the pump, washed w ith  w a te r  and d r i e d  over phosphorus
penio3d.de* h.P. 105-114°. I t  was completely insoluble  In 
d i lu te  sodium hydroxide and appeared to be the Impure e a rb in o l*
2* ' 'Experiment 1 was repeated except th a t  th e  reac t ion  mix­
tu re  was not heated to  50° but stood for- four weeks at  room temp­
e ra tu re .  The gum which was thrown down on p o u ring  th e  acetone 
so lu t ion  In to  d i lu te  a c id  was' taken up in  acetone and r e p r e e ip l t -  
a ted  with water.  I f  again came down as a gum which c r y s t a l l i s e d  
on standing* . m.F*112-115°• mixed m.P* with au then t ic  ca rb lno l  
l i e - i 2 i ° .
, f : i!q nf\ yh Sg S
The author w ishes to . record  M s thanks to  £rs* 2* Kenyon*
F*B*S** II • B# B a lfe  and &• B. B radfie id  fo r  th e ir  va luable  adv ice  
and  c r i t ic i s m s  du rin g ' the co u rse  o f  t h i s  work*-
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